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.  DIVISION  Ob'  ENGINEERING 

\ 

I  THE  CONTROVERSY  CONCERNING  MODELS* 

i 

[  David  Kaess 

j  The  Af.  Kellogg  Company,  New  York,  N.  Y, 

!  Introduction 

I  The  most  drastic  change  that  has  occurred  in  many  years  in  the 
I  design  of  oil  refineries  and  petrochemical  plants  is  the  use  of  models. 

)  Because  of  this  major  change  in  procedure  and  some  of  the  mystery  sur- 

rounding  it,  models  have  become  one  of  the  most  controversial  subjects 
in  engineering.  It  seems  that  just  about  everyone  has  a  firm  opinion 
I  regarding  models  —  they  are  good  or  they  are  bad  —  with  only  a  rare 

I  person  accepting  a  conditional  basis  for  their  use. 

I  It  is  intended  in  this  discussion  to  state  all  the  facts  concernino 

I 

models  — the  bad  as  well  as  the  good—  so  that  those  who  are  not  already 
familiar  with  the  use  of  models  can  form  their  own  opinions  as  to  their 
I  use  and  values. 

First  Type 

The  first  type  of  model  used  in  the  refinery  industry,  and  still  used 
1  today  by  some  companies  for  preliminary  work  is  called  a  wire-and-disk 
j  model.  This  type  of  model  uses  a  soft  wire  for  pipe  of  all  sizes  that  can 
1  be  bent  for  changes  in  direction.  However, most  joints  must  be  soldered, 

‘  and  all  equipment  that  is  built  of  wood  or  hard  plastic  must  be  custom- 

I  made  for  each  item.  Small  discs  are  slid  on  the  wire  to  represent  flanges 

)  and  true  pipe  size. 

I  The  M.  W.  Kellogg  Company  became  interested  in  models  about  five 
]  years  ago.  Although  the  value  of  models  was  becoming  obvious,  it  was 
i  found  that  the  accepted  method  of  model  making  was  entirely  too  slow  to 

*  keep  up  with  the  designers.  Aside  from  the  unrealistic  skeletonlike  ap- 

,  pearence  of  such  wire-and-disc  models,  it  was  realized  that  to  gain  full 

)  value  from  a  model  it  must  be  possible  to  build  it  quickly  and  concurr- 

I  ently  with  the  design  of  a  job. 

1  Program 

[  A  full-scale  program  of  building  a  better  model  was  then  launched, 
j  The  model  components  had  to  be  to  scale,  easily  assembled  and  taken 
I  apart,  accurate,  and  free  of  requirements  for  the  use  of  special  tools  or 
^  special  technicians  for  assembly.  Numerous  types  of  materials  and 
I  schemes  were  investigated,  figure  1  shows  the  resulting  model 
components.  Except  for  the  metal  clips  and  gudgeon  attachments,  all  the 

I  *This  paper.  Illustrated  with  an  actual  job  model,  was  presented  at  a  meeting  of  the 
i  Division  on  May  20,  1960. 
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Figure  l.  Kel-Way  model 
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material  is  plastic.  The  true  three- eight s-inch  scale-size  pipe  and  fit¬ 
tings,  which  are  designed  for  a  push-fit  assembly  method,  are  high  im¬ 
pact  polystyrene  (hard  plastic).  All  vessels  are  expandable  polystyrene 
(foam  plastic),  which  permits  support  pins  and  nozzles  to  be  screwed  or 
pressed  into  the  foam  without  drilling.  The  vessels  are  molded  in  scaled  6- 
inch-diameter  and  40-foot-length  increments  and  are  stored  in  a  shop  for 
quick  slicing  or  splicing  to  obtain  true  vessel  lengths.. 

Actually  the  Kellogg-designed  model  components,  comprising  what  is 
called  the  Kel-Way  System,  consist  of  about  80  various  pipe  fittings  in 
four  colors  plus  about  40  other  varieties  and  sizes  of  refinery  equipment 
such  as  towers,  drums,  exchangers,  pumps,  and  structural  members. 
This  makes  available  more  than  400  assorted  model  components  from 
which  to  choose.  The  large  variety  of  stock  items  reduces  the  specialty 
custom-made  items  to  a  minimum.  } 

Model  Methods 

At  this  stage  in  the  evolution  of  models,  it  was  possible  to  build  an 
accurate  model  quickly  enough  to  keep  up  with  the  designers.  The  next 
step  was  the  method  of  model  making  to  be  employed.  Basically  there 
are  four  methods  of  model  making. 

Planning  model.  The  first  is  a  planning-stage  model,  which  shows  ) 
only  major  lines  and  arrangement  of  all  equipment.  This  would  be  an 
“after-the-fact”  model,  meaning  that  layout  would  be  done  on  paper 
followed  by  model  construction.  Such  a  model  permits  all  comments  and 
improvements  to  be  made  at  the  plant-layout  stage,  but  does  not  repre¬ 
sent  a  complete  or  “as-built”  job. 

Producticm  model.  The  second  style  model  is  a  production  model.  It  < 
can  be  built  after  the  completion  of  production-design  drawings.  This 
results  in  an  as-built  model  containing  all  equipment  and  all  lines. 
Although  such  a  model  allows  comments  to  be  made  on  an  entire  job,  it  k 
is  often  too  late  to  make  changes  and,  therefore,  much  of  the  value  of 
the  model  is  lost. 

Planning-production  model.  A  planning  model  carried  through  to  the  ' 
checked  production-design  stage  is  the  third  type,  and  it  again  results  ^ 
in  an  as-built  model  of  the  completed  job.  It  also  permits  comments  and 
improvements  to  be  made  during  the  design  of  a  job.  This  method,  how-  < 
ever,  requires  a  full  paper  design  concurrent  with  a  full  copy  on  a  model 
and  cannot  justify  the  large  number  of  engineering  hours  required. 

Design  model.  The  fourth  and  final  type,  the  one  that  was  used  most  | 
by  Kellogg,  is  a  design  model.  Designing  directly  on  the  model  has 
definitely  proved  to  be  the  most  economical  and  useful  model  procedure. 

This  system  simplifies  plant  layout  studies  to  the  extent  that  only  key  ; 
lines,  vessel  nozzle  orientation,  arrangement  of  structures,  and  extent  ^ 
of  platforms  are  shown.  All  other  piping  is  designed  directly  on  the  ; 
model.  / 
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Procedure 

During  the  design  of  the  basic  plant-layout  paper  study,  a  model 
technician  selects  the  proper  stock  equipment,  affixes  all  nozzles  and 
platforms  to  the  vessel  components,  and,  in  accordance  with  the  study, 
mounts  the  bare  equipment  on  a  model  table. 

Pipe  runs.  From  this  point  in  the  procedure,  a  piping  designer  is  able 
to  run  all  pipe  directly  on  the  model.  He  uses  the  flow  sheet  and  spec¬ 
ifications  for  his  basic  information  of  size,  flow,  temperature,  pressure 
valving,  and  all  other  design  requirements.  Then  it  is  simply  a  matter 
of  running  a  line  in  scale  from  one  nozzle  on  one  tower  to  a  second 
nozzle  on  an  exchanger.  The  designer  is  not  yet  concerned  with  the  elev¬ 
ation  or  location  of  each  line  except  for  scaled  clearance  dimension  of 
adjacent  obstructions.  He  is  concerned  only  with  running  pipe  in  a  neat 
and  orderly  manner  within  the  limits  of  specifications  and  good  engineer¬ 
ing  practice. 

Line  tag.  At  the  completion  of  an  area,  when  the  designer  and  his 
supervisor  are  satisfied  by  visual  inspection  that  the  ultimate  in  good 
piping  layout  has  been  accomplished,  the  designer  then  dimensions  the 
the  area.  Equipment  locations  and  piping  are  dimensioned  on  the  model 
by  the  use  of  coordinate  and  elevation  tags  (see  figure  2). 

Dimensioning  an  photos.  The  most  recent  innovation  is  to  photograph 
the  model  before  tagging  in  order  to  dimension  the  large  photo  positives 
and  eliminate  the  laborious  model  tagging  (figure  3).  This  has  not 
proved  successful.  When  changes  in  an  area  became  too  extensive  to 
revise  the  original,  a  new  photograph  is  required  that  then  necessitates 
recopying  all  dimension,  even  those  on  the  unchanged  portions  of  the 
drawing. 

Reviews 

The  client  is  invited  to  review  the  model  at  the  end  of  the  layout 
stage  for  basic  layout,  critical  line  runs,  valve  locations,  instrument 
locations,  platform  arrangement,  access,  equipment  handling,  and  all 
other  layout  features. 


Extent  ol  Piping 

A  typical  design  model  includes  piping  of  all  sizes,  steam  tracing 
manifolds,  and  auxiliary  and  utility  leads  to  equipment.  In  addition, 
instrumentation  points  on  piping,  all  vessel  instrumentation,  and  instru¬ 
ment  and  electrical  manifold  ducts  are  shown.  Detailed  auxiliary  and 
utility  piping  at  pumps  and  compressors,  multiple  small  piping  manifolds, 
and  piping  within  vessel  skirts  are  not  usually  shown  on  a  model.  Al¬ 
though  experiments  have  been  made  with  clear  Lucite  box  bases  to  show 
underground  piping,  they  have  not  proved  to  be  worthwhile,  and  piping 
below  grade  is  not  indicated. 


FIGURE  2.  Method  of  dimensioning  on  the  model  by  use  of  coordinates. 

Single  Line  Isometrics 


Drawn  isometrics  are  made  from  the  model  for  shop  and  field  fabric¬ 
ation  of  piping.  Single-line  photo  isometrics  were  tried  on  one  job  in  an 
attempt  to  eliminate  the  drawn  isometric.  Although  the  results  were  quite 
successful  and  usable  (figure  4),  the  hour  and  dollar  cost  was  far 
greater  than  drawn  isometrics. 


Photography 

Photographic  area  isometrics  and  photographic  key  plans  are  made 
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of  the  model  and  issued  for  general  reference,  record,  and  sequence  of 
design  and  construction.  All  model  photographs  are  transposed  and 
enlarged  on  Cronaflex  positives  that  become  the  record  piping  drawings. 
Equipment  and  key  lines  are  dimensioned  on  the  Cronaflex  plans  and 
isometrics.  At  the  completion  of  engineering,  the  model  is  sent  to  the 
field  for  use  in  construction  and  operator  training.  At  the  completion  of 
the  job  the  model  becomes  the  property  of  the  client. 

Value  and  Cost 

The  controversial  question  frequently  asked  is:  Is  it  worth  building 
models?  In  other  words:  What  is  the  balance  between  value  and  cost? 
The  values  of  a  model  fall  into  two  categories:  first,  the  actual  visible 
improvement  gained  by  reviews  of  the  models  offered  by  the  designers 
themselves  and,  more  important,  those  offered  by  the  client;  second,  the 
intangible  nonmeasurable  advantages  of  a  model. 

Visible  values.  Many  of  these  improvements  are  in  the  form  of  direct 
materials  savings  by  eliminating  superfluous  turns  in  piping  and  shorten¬ 
ing  runs.  A  g<x)d  economical  plant  can  be  designed  on  paper,  but  most 
assuredly  a  job  can  be  improved  by  seeing  the  finished  design  before  it 
is  built.  The  direct  piping  savings  here  will  defray  a  portion  of  the 
model  cost. 

Intangible  values.  The  most  important  item,  however,  is  the  value  to  the 
refiner.  The  plant  can  be  exactly  as  he  wants  it.  However,  many  times 
the  refiner  has  wished  that  some  piping  or  value  arrangement  had  been 
just  a  little  different;  that  is,  there  is  nothing  basically  wrong  with  it, 
but  it  would  have  been  an  operating  convenience  to  have  had  it  moved 
over  another  fooi  or  perhaps  made  opposite-hand.  That  type  of  improve¬ 
ment  cannot  be  measured  in  dollars,  but  rather  in  satisfaction. 

All  the  designers  and  engineers  directly  accociated  with  a  particular 
job  are  thoroughly  familiar  with  the  design  details,  but  how  many  men  in 
the  upper  echelons  of  management  can  devote  time  to  reviewing  dozens 
•  of  detail  drawings  in  order  to  visualize  the  plant  as  it  is  being  designed? 

j  A  model  will  give  them  the  opportunity  of  reviewing  an  entire  job  in  a 

matter  of  minutes.  We  cannot  put  a  price  tag  on  this  value  but  it  is  cer- 
>  tainly  there. 

Another  major  item  is  the  advantage  given  to  construction  personnel 
for  planning  their  erection  sequences  and  to  operators  for  their  training 
programs. 

Maintenance,  A  most  important  use  is  made  by  refinery  maintenance 
personnel,  who  can  clearly  see  that  sufficient  space  an  equipment  have 
I  been  provided  for  all  maintenance  functions  by  a  short  model  review  and 
can  comment  accordingly.  On  one  specific  model  job,  there  were  actually 
30  refinery  engineers,  maintenance  men,  and  assorted  plant  personnel 
I  who  reviewed  the  model  for  every  conceivable  refinery  function.  Of 
course,  this  type  of  review  is  excessive,  involves  too  many  personal 
I  opinions,  and  is  costly  in  manhours.  A  moderate  approach  to  reviews  by 
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FIGURE  4.  Single-line  photo  isometric. 

a  few  responsible  key  engineers  and  plant  personnel  has  proved  highly 
beneficial  to  the  job  and  is  most  welcome. 

Advertising.  Discussion  of  the  value  of  models  invariably  centers 
around  engineering  and  construction,  but  let  us  not  forget  advertising. 
After  all,  millions  are  spent  every  year  on  advertising  and  I  have  yet  to 
see  a  refiner  or  contractor  who  has  not  capitalized  on  publicity  through 
his  models:  still  another  indirect  and  intangible  value. 


I  imagine  many  readers  are  thinking:  "All  right,  models  are  great,  but 
what  do  they  cost?" 

Let  us  consider  model  materials  first.  The  model  materials  cost,  in¬ 
cluding  the  tables,  bases,  crates,  and  shipping  total  a  few  thousand 
dollars  per  unit.  This  is  a  negligible  percentage  of  job  costs.  Without 
question,  this  model  material  cost  can  be  canceled  by  the  direct-piping 
material  savings. 
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Of  course,  tlie  re.sl  model  expense  is  thst  of  engineering  hours. 
At  the  outset  of  our  model  program,  it  appeared  that  savings  in  engineer¬ 
ing  hours  could  be  made  through  the  use  of  models.  For  the  past  four 
years,  however,  our  company  has  utilized  model  design  for  almost  one 
half  of  their  oil  refinery  and  chemical  plants.  Numerous  systems  have 
been  tried  and  many  time  checks  have  been  kept.  With  few  exceptions, 
the  results  have  indicated  that  model  design  takes  more  engineering 
hours  than  paper  design. 


Problem 

We  are  now  faced  with  a  dilemma.  Although  the  values  of  a  model  are 
evident,  all  of  these  fall  into  the  categories  of  intangibles  or  general 
improvements.  All  the  advantages  somewhat  improve  the  plant  in  oper¬ 
ation,  maintenance,  and  appearance.  These  improvements  are  all  valu¬ 
able  to  the  refiner.  Ho'’'ever,  the  contractor  is  faced  with  a  fluct¬ 
uating  and  uncontrollable  increase  in  engineering  hours.  The  more  the 
model  is  used,  the  greater  the  improvement  and  the  higher  the  engi¬ 
neering  hours.  If  there  were  no  reviews  and  no  changes,  model  design 
could  be  as  fast  as  paper  design,  but  the  whole  purpose  of  models  is  to 
obtain  reviews,  opinions,  and  to  make  changes  accordingly.  Therefore, 
on  a  job  where  all  improvements  are  literally  to  the  refiner’s  account, 
v/hile  engineering  costs  beyond  a  basic  minimum  to  make  these  improve¬ 
ments  must  be  borne  by  the  contractor,  it  is  relher  difficult  for  the  con¬ 
tractor  to  justify  the  use  of  models.  It  appears  therefore  that  the  only 
solution  is  for  the  refiner  to  absorb  at  least  a  portion  of  the  extra  costs 
associated  with  a  model-design  job. 

On  the  assumption  that  an  equitable  division  of  model  costs  between 
the  contractor  and  refiner  can  be  established,  I  feel  that  models  are 
fully  justified  by  the  improved  design  details  they  afford,  by  the  direct 
savings  in  materials  the  improved  design  accomplishes,  by  the  benefits 
to  construction,  maintenance,  operation  and  training  programs,  by  adver¬ 
tising  and,  most  important,  by  the  satisfaction  shared  by  the  contractor 
and  the  refiner  that  the  ultimate  design  has  been  achieved  through  in¬ 
spection  of  a  completed  plant:  before  a  single  foundation  has  been  poured. 
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SECTION  OF  GEOLOGICAL  SCIENCES 

CARBONATE  SKELETONS  TO  LIMESTONES:  PROBLEMS* 

K.  E.  Chave 

Department  oi  Geology,  Lehigh  University,  Bethlehem,  Pa. 

Geologistshavebeen  actively  studying  modern  carbonate  sediments  for 
more  than  50  years.  In  this  period  of  time  a  great  deal  has  been  learned 
about  them:  particularly  aspects  of  their  mechanical  and  biologic  prop¬ 
erties  and  their  bathymetry.  Geologists  have  learned  a  great  deal  about 
carbonate  sediments,  but  they  have  learned  remarkably  little  about  lime¬ 
stones.  Geologists  are  fundamentally  students  of  earth  history,  and  lime¬ 
stones,  not  modern  sediments,  are  the  sources  of  historical  information. 
Geologistshavebeen  studying  sedimentary  prodiucts  and  ignoring  sediment¬ 
ary  processes.  Knowledge  of  products  usually  cannot  be  extrapolated  into 
the  past;  knowledge  of  processes  can. 

FtGURE  1  illustrates  the  steps  in  the  development  of  limestones. 
Skeletal  materials  with  such  measurable  properties  as  abundance,  dis¬ 
tribution,  and  chemical,  mineralogic,  and  morphologic  modification  are 
altered  by  the  processes  of  abrasion,disaggregation,  and  sorting  to  form 
sediments.  The  sediments  have  measurable  properties  such  as  areal  dis¬ 
tribution,  mineralogy,  texture,  and  biological,  make-up.  These  are  mod¬ 
ified  by  the  diagenetic  processes  of  mineral  stabilization,  compaction, 
and  cementation  to  form  limestones.  Inorganic  carbonate  may  be  added 
in  either  step. 

Limestones  have  a  limited  number  of  significant  properties  that  can 
be  examined  and  used  in  the  interpretation  of  local  and  regional  geologic 
history.  The  six  properties  are  listed  in  figure  1:  areal  extent,  thick¬ 
ness,  mineralogy,  texture,  primary  structure,  and  fossil  content. 

The  six  limestone  properties  can  be  studied  from  either  two  points  of 
view  —  the"  can  be  looked  at  and  immediately  conclusions  can  be  reached 
about  the  historical  significance  of  the  rook,  or  interpretations  can  be  made 
in  terms  of  modem  environments  before  conclusions  are  reached.  The 
latter  course  is  obviously  more  satisfactory,  but  the  former  is  easier  and 
is  therefore  the  more  common  approach.  The  comparison  with  modern  sit¬ 
uations  is  difficult;  nevertheless,  it  should  be  attempted. 

The  modem  counterparts  <  »  the  six  limestone  properties  listed  are  con¬ 
sidered  below. 

Areal  Extent 

The  areal  extent  of  many  ancient  carbonate  rocks  is  well  known  from 
surface  and  subsurface  studies.  Maps  of  limestone  and  dolomite  distri¬ 
bution  are  often  used  in  geologic  studies  of  paleogeography,  stratigraphy, 

*Thl«  paper  was  presented  at  a  meeting  of  tfie  Section  on  October  3.  I960*  The  research 
was  supported  in  part  by  die  Petrolium  Research  Fund  of  the  American  Chemical  Societyg 
Washington^  D*C*«  and  the  Bermuda  Biological  Station,  St*  George*s  West,  Bermuda* 
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FIGURE  1,  Steps  in  the  development  of  a  limestone. 
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or  tectonics.  Many  ancient  carbonates  were  widespread,  those  of  the  Ordo¬ 
vician  of  North  America,  for  example,  being  essentially  continuous  from 
New  York  to  northwestern  Canada. 

Modern  carbonate  sediments  are  relatively  restricted  in  their  distri¬ 
bution.  Shelf  carbonates  are  limited  to  a  few  areas  such  as  Campeche  and 
eastern  Yucatan,  western  Florida,  the  Bahamas,  the  Persian  Gulf,  the 
southern  coasts  of  India,  several  parts  of  Indonesia,  and  the  east  and 
west  coasts  of  Australia.  Smaller  corbonate  deposits  occur  in  surrounding 
reefs  in  tropical  coastal  and  oceanic  areas.  Deep-sea  pelagic  carbonates 
occur  in  all  the  modem  oceans. 

With  the  exception  of  the  pelagic  Globigerina,  pteropod,  and  coccolith 
oozes  (the  counterparts  of  which  are  probably  rare  in  the  known  geologic 
record),  modem  areas  of  carbonate  deposition  are  small,  rarely  extend¬ 
ing  as  much  as  500  miles  in  any  direction.  The  largest  areas,  Campeche 
and  western  Australia,  have  never  been  thoroughly  studied.  Thediffer- 
ence  in  areal  extent  between  the  modem  and  the  ancient  is  almost  a  fac¬ 
tor  of  10. 

Certainly  no  satisfactory  interpretation  of  the  extent  of  widespread 
ancient  limestones  can  be  made  by  direct  comparison  with  modern  sedi¬ 
ments.  Descriptive  studies  of  modem  carbonates  have  completely  bypass¬ 
ed  the  basic  question  of  what  general  conditions  are  necessary  for  the 
process  of  carbonate  sedimentation.  Perhaps  it  might  be  generalized  that 
these  sediments  occur  where  other  types  of  sediments  are  not  being  de¬ 
posited,  but  this  avoids  the  point.  The  opposite  is  certainly  not  tme;  car¬ 
bonates  do  not  always  occur  where  other  types  of  deposition  are  slow. 

The  processes  have  been  neglected  in  favor  of  the  products. 

Thickness 

Carbonate  isopach  and  isolith  maps  are  fundamental  to  the  interpreta¬ 
tion  of  regional  and  local  geologic  history.  Important  significance  is  often 
attributed  to  the  details  of  these  maps.  Probably  the  conventional  inter¬ 
pretations  are  often  correct,  but  not  based  on  a  careful  comparison  with 
modern  conditions  of  carbonate  sedimentation.  Thickness  or  rates  of  sed¬ 
imentation  of  modem  carbonates  have  never  been  systematically  examined. 
The  total  knowledge  of  rates  is  limited  to  a  small  number  of  scattered 
carbon-14  dates. 

Again  the  processes  have  been  neglected  in  favor  of  the  products. 

Mineralogy  and  Chemistry 

Carbonate  mineralogy  and  chemistry  can  be  studied  in  each  of  the  three 
steps  of  the  development  of  a  limestone  illustrated  in  figure  1.  They 
can  be  studied  in  the  skeletons,  the  sediments,  and  the  rocks. 

Common  calcium  carbonate  minerals  that  occur  naturally  are  calcite^ 
dolomite,  aragonite,  and  magnesium  calcite.  Several  others,  such  as  va- 
terite  and  huntite,  are  rare.  Carbonate  rocks  are  composed  almost  ex  cl  us- 
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ively  of  calcite  and  dolomite.  A  few  late  Mesozoic  and  Tertiary  lime* 
stones  contain  some  aragonite  and  magnesium  calcite.  Modem  carbonate 
skeletons  and  shelf  sediments  are  largely  aragonite  and  magnesium  cal¬ 
cite.  Near  the  surface  of  the  earth  calcite  and  dolomite  are  stable;  arag¬ 
onite  and  magnesium  calcite  are  unstable. 

The  studies  of  Jamieson  indicate  that  under  normal  terrestrial  pres¬ 
sure-temperature  conditions  calcite  is  the  only  stable  calcium  carbonate 
mineral.  The  data  of  Marker  and  Tuttle  suggest  that  at  the  low  temper¬ 
atures  and  pressures  encountered  by  recognizable  sediments  no  more  than 
about  4  per  cent  magnesium  carbonate  is  stable  in  the  calcite  structure. 

Studies  of  the  mineralogies  of  modern  carbonate  skeletons  and  sedi¬ 
ments  by  Meigen,  Bjdggild,  Chave,  Lowenstam,  and  others  indicate  that 
unstable  phases  predominate.  Most  of  these  modem  materials  are  com¬ 
posed  of  aragonite  or  calcites  with  as  much  as  17  and  perhaps  30  per 
cent  magnesium  carbonate  in  solid  solution.  Present  knowledge  sug¬ 
gests  that  stable,  low-magnesium  calcites  occur  only  in  the  skeletons  of 
a  few  groups  of  mollusks,  the  brachiopods,  several  crustacean  families, 
and  perhaps  the  pelagic  Foraminif era.  If  calcium  carbonate  were  chem¬ 
ically  precipitated  and  added  to  the  sediments,  it  would  probably  be  as 
the  unstable  mineral  aragonite. 

The  mineralogy  and  chemistry  of  carbonate  rocks  may  be  influenced 
by  the  nature  of  the  original  skeletal  materials.  These  are  modified  by 
sedimentation  processes  to  form  sediments  and  further  modified  by  dia¬ 
genesis  to  form  rocks.  The  processes  affecting  this  mineralogic  stabiliz¬ 
ation  are  essentially  unknown.  Aragonite  may  invert  to  calcite.  This  can 
be  seen  in  the  laboratory.  In  the  field,  one  gets  the  impression  thateither 
aragonite  is  dissolved  by  groundwater  or  it  is  essentially  unaltered.  In¬ 
version  pseudomorphs  of  calcite  after  aragonite  are  rare  or  perhaps  un¬ 
known. 

Magnesium  calcite  often  changes  to  calcite  with  the  passage  of  time. 
Several  possible  mechanisms  for  this  change  have  been  offered  by  Chave 
and  Goldsmith.  The  internal  and  e?<temal  factors  controlling  this  alter¬ 
ation  in  natuie  and  the  possibility  of  selective  solution  of  magnesium 
calcites  by  groundwater  have  never  been  examined.  Without  this  in¬ 
formation  on  stabilization  processes,  a  useful  comparison  of  modern  car¬ 
bonate  sediments  and  ancient  limestones  is  impossible. 

The  processes  have  been  neglected  in  favor  of  the  products. 

T  extare 

The  texture  of  a  limestone  is  influenced  in  all  of  the  developmental 
steps.  It  is  affected  by  the  size  of  the  skeletal  parts  of  the  original  or¬ 
ganisms,  or  the  size  of  possible  chemically  precipitated  particles,  by 
the  way  in  which  these  are  broken  up  and  sorted,  and  by  the  diagenetic 
processes  of  mineral  stabilization,  compaction,  and  cementation. 
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The  textureof  a  limestone,  when  not  strongly  modified  by  diagenesis, 
metasomatism,  and  metamorphism,  is  normally  attributed  to  the  mechan¬ 
ical  energy  of  the  depositional  environment.  Thus,  coarse  particulate 
limestones  are  usually  interpreted  as  coming  from  shallow,  agitated  en¬ 
vironments  and  fine-grained  limestones  as  from  deeper  or  quieter  waters 
or  as  the  result  of  chemical  precipitation. 

This  interpretation  of  limestone  textures  is  based  primarily  on  anal¬ 
ogies  drawn  from  comparison  with  modem  environments  of  noncarbonate 
deposition  rather  than  carbonate  deposition.  The  two  are  not  the  same. 
The  physical  properties  of  mineral  grains  of  quartz,  feldspar,  and  clays 
are  markedly  different  from  those  of  skeletal  carbonates.  (It  might  be 
noted,  lightly,  that  carbonate  grains  in  the  form  of  Globigerina  and  pter- 
opod  tests  float  in  water.  Quartz  grains  do  not.) 

In  the  sedimentation  process,  perhaps  the  most  important  difference 
between  the  physical  properties  of  carbonate  and  noncarbonate  grains  is 
durability.  In  the  case  of  resistance  to  physical  abrasion,  it  was  shown 
by  Thiel  that,  among  other  things  in  the  size  fraction  2  to  1  mm.  after 
100  days  in  a  tumbling  barrel,  quartz  had  lost  24  per  cent  by  weight,  gar¬ 
net  42  per  cent,  hornblende  82  per  cent,  and  apatite  84  per  cent.  The 
difference  between  quartz  and  apatite  was  a  factor  of  three  or  four.  In 
similar  abrasion  experiments  with  skeletal  carbonate  grains  (described 
below),  weight  loss  differences  between  grains  of  the  same  mineral  are 
observed  to  be  several  orders  of  magnitude.  In  fact  some  skeletal  carbon¬ 
ate  might  be  described  as  having  no  durability,  falling  apart  to  extremely 
fine  particles  upon  removal  of  organic  integuments  without  the  influence 
of  abrasion  or  agitation. 

Skeletal  materials  are  broken  up  in  nature  by  physical,  biological,  and 
chemical  processes.  The  physical  effects  are  caused  by  the  rubbing  and 
impact  of  particles.  Biological  processes  involve  sea  gulls  dropping 
shells  on  rocks,  sediment  feeders  ingesting  mud  and  sand,  bacteria  eat¬ 
ing  every  sort  of  organic  tissue,  and  many  other  things.  Chemical  effects 
are  largely  solutional.  The  quantitative  importance  of  these  destructive 
processes,  in  the  many  natural  environments,  is  not  known. 

Laboratory  studies  tested  the  physical  durability  of  skeletal  carbon¬ 
ates.  Three  series  of  experiments  were  performed.  In  the  first,  carbonate 
skeletal  parts  were  put  in  a  tumbling  barrel  with  chert  pebbles  and  tap 
water  adjusted  to  a  pH  of  8  with  NaHCO  3  and  tumbled  at  a  rate  of  30rpm. 
Periodically  the  contents  were  sieved,  weighed,  and  examined  micro¬ 
scopically.  In  the  second  experiment  the  pebbles  were  replaced  by  sand, 
and  in  the  third  the  skeletal  carbonates  were  alone  tumbled  in  water. 

The  first  experiment,  with  chert  pebbles,  was  designed  to  test  the 
absolute  durability  under  roughest  conditions.  The  pebble  to  carbonate 
ratio  was  kept  high  in  order  to  minimize  the  effects  of  differences  insize 
and  shape  of  particles,  figure  2  illustrates  examples  of  the  results  of 
the  experiment.  With  increased  tumbling  time,  plotted  logarithmically  on 
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Figure  3.  The  sizes  of  particles  produced  in  tumbling  barrel  experiments  involving  only  skeleton 
materials  and  water  of  pH  8. 


20 


TRANSACTIONS 


the  abscissa,  the  weight  percentage  of  essentially  unbroken  material  lar¬ 
ger  than  4  mm.  decreased.  In  the  case  of  the  bryozoa  and  algae  no  large 
particles  remained  at  the  end  of  omission;  1  hour.  In  100  hours,  only 
about  50  percent  d  the  Spisula  and  Nerita  Skeletons  were  reduced  to  fines. 
These  are  la^e  differences  in  skeletal  durability. 

The  second  two  experiments,  with  sand  and  with  shells  alone,  gave 
results  similar  to  the  first.  Sand  abraded  more  slowly  than  pebbles,  but 
the  same  differences  were  observed.  In  the  case  of  self-abrasion,  with 
shells  alone,  the  rate  of  breakdown  was  somewhat  affected  by  shell  size, 
the  smaller  shells  being  less  effective  as  abrasive  agents. 

Probably  more  interesting  from  the  point  of  view  of  sediment  texture 
are  abrasion  products.  In  all  cases,  physical  abrasion  of  skeletal  ma¬ 
terials  produced  an  abundance  of  fine  particles  relative  to  a  course.  This  is 
illustrated  in  figure  3,  using  typical  data  from  the  self-abrasion  exper¬ 
iment.  In  the  four  examples  shown  the  ratio  of  the  weight  of  particles 
less  than  62  fi  (and  commonly  less  than  10  p)  to  the  weight  of  particles 
62  to  4000  fi  increased  significantly  as  the  skeletons  became  abraded, 
the  greatest  over-all  increase  in  fines  was  observed  for  Acropora  and  the 
lowest  for  “pecten”  (Aequipecten).  In  all  of  the  experiments,  fines  in¬ 
creased  faster  than  course.  In  the  experiments  with  pebbles  and  sand  the 
fine:coarse  ratio  always  increased  faster  for  a  given  skeletal  form  than 
in  the  self-abrasion  experiment. 

Two  field  observations  tend  to  support  the  laboratory -based  suggestion 
that  during  physical  abrasion  of  carbonate  skeletal  parts,  fines  are  the 
principal  product.  Analysis  of  the  dilute^C  1-soluble  (that  is,  largely  car¬ 
bonate)  percentage  in  the  various  size  fractions  of  eight  beach  sands 
from  California,  Florida,  and  New  J3rse>'  indicates  minima  in  the  middle 
sizes  —  125  to  500  p.  —  with  higher  percentages  in  the  coarser  and  finer 
sizes.  This  suggests  that  whole  shells  and  coarse  fragments  are  be¬ 
ing  reduced  to  fines  without  production  of  intermediate  sizes.  A  sim¬ 
ilar  distribution  of  carbonate  in  the  various  size  classes  was  produced 
in  the  laboratory  by  prolonged  tumbling  of  mixed  skeletal  elements  (mol- 
lusks,  algae,  and  echinoderms)  with  sand, 

A  second  field  evidence  that  fines  are  the  principal  product  of  phys¬ 
ical  abrasion  is  the  abundance  of  fine  carbonate  muds  in  the  quieter  water 
areas  of  every  carbonate  province.  Electron-microscope  observations  of 
fine  muds  from  Campeche  Banks,  Bermuda,  and  the  Bahamas  indicate  that 
aragonite  needles  are  a  major  constituent.  The  fine  pcirticles  produced 
from  aragonitic  forms  in  the  tumbling  barrel  experiments  mentioned  above 
were  also  predominately  needles.  Thus  needles,  which  are  commonly  con¬ 
sidered  evidencefor  chemical  precipitation  of  CaC0  3  (a  premise  recently 
questioned  by  Lowenstam  on  the  basis  of  observed  needles  in  the  skel¬ 
etons  of  certain  calcareous  algae),  appear  to  be  simply  evidence  for  the 
presence  of  such  aragonitic  forms  as  corals,  algae,  or  mollusks  in  the 
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wave  zone.  Needles  of  aragonite  seem  to  be  no  more  than  the  natural  form 
of  fragments  of  this  mineral  with  its  {010}  and  {110}  cleavage. 

Particle  morphology  and  the  natural  abundance  of  fine  mud  confirms 
the  laboratory  observations. 

Little  is  known  about  the  quantitative  importance  of  biolc^ical  and 
chemical  agents  in  the  destruction  of  carbonate  particles.  Ginsburg 
emphasized  the  importance  of  boring  sponges,  algae,  and  mollusks.  Mayor 
suggested  that  holothurians  effect  a  significant  size  reduction  in  car¬ 
bonate  sediments,  but  Crozier  concluded  that  the  effect  of  these  animals 
was  small.  The  quantitative  aspects  of  sediment  destruction  by  biological 
and  chemical  agents  need  investigation. 

The  texture  of  a  limestone  is  probably  often  affected  by  diagenetic 
processes.  Stabilization  of  the  minerals  aragonite  and  magnesium  calcite 
may  destroy  many  of  the  original  textural  features  of  the  sediment.  Com¬ 
paction  and  cementation,  with  or  without  the  inorganic  introduction  of 
carbonate  from  solution,  may  destroy  sediment  textures. 

Textures  of  limestones  are  influenced  by  the  skeletons,  the  sediment¬ 
ation  processes,  and  the  diagenetic  processes.  Limestone  textures  are 
not  well  understood  at  present  because  the  processes  have  been  neg¬ 
lected  in  favor  of  the  products. 

Primary  Structures 

Most  of  the  primary  structures  common  to  limestones  have  never  been 
clearly  recognized  in  modern  carbonate  sediments.  Bedding  is  occasionally 
recognized,  but  cross-bedding  is  rarely  observed.  Stylolites,  which  are 
thought  by  some  to  be  penecontemporaneous  features,  have  never  been 
found.  Even  the  structure  of  reefs  is  better  known  from  the  fossil  record 
than  from  modern  situations. 

For  the  most  part  an  understanding  of  primary  limestone  structures  can 
be  obtained  only  from  three-dimensional  studies  of  processes,  not  from 
two-dimensional  studies  of  products. 

Fossils 

The  interpretation  of  fossils  in  limestones  is  often  straightforward.  In 
the  absence  of  evolutionary  changes  in  morphology  or  ecology,  valid  his¬ 
torical-geological  information  can  be  obtained  from  a  comparison  of  fossil 
forms  with  close  living  relatives.  The  interpretation  of  the  absence  of 
fossil  remains  is  not  straightforward.  The  organisms  may  have  been  ab¬ 
sent  originally  or  they  may  not  have  been  preserved.  An  example  of  one 
way  in  which  destruction  may  operate  is  illustrated  in  figure  2. 

It  is  possible  to  imagine  a  littoral  environment  in  which  the  organisms 
shown  in  this  figure— bryozoa,  algae,  echinoderms,  corals,  and  mollusks- 
make  up  the  calcareous  biota.  With  increasing  amounts  of  physical  abra¬ 
sion,  the  preservable  organic  structures  would  become  less  and  less  var- 


THE  NEW  YORK  ACADEMY  OF  SCIENCES 


23 


ied  until  only  corals  and  mollusks  renained,  then  only  mollusks,  perhaps 
later  still  only  Nerita,  and  finally  nothing,  the  skeletal  elements  being 
abraded  to  fines  and  the  fines  being  removed  to  a  quieter  water  environ¬ 
ment  for  deposition. 

Preservation  of  fossils  is  a  problem  not  only  of  the  depositional  pro¬ 
cesses  but  also  of  diagenesis.  Aragonite  is  more  soluble  in  groundwaters 
than  calcite.  The  solutional  removal  of  aragonitic  forms  often  creates  a 
distorted,  entirely  calcitic,  fossil  assemblage  that  is  certainly  not  repre¬ 
sentative  of  the  living  population. 

The  interpretation  of  fossils  and  fossil  assemblages  involves  far  more 
than  a  comparison  with  modem  forms.  The  depositional  and  diagenetic 
processes  need  to  be  studied  and  included  as  part  of  paleontology. 

Summary 

Descriptive  studies  of  modem  carbonate  skeletons  and  sediments  do 
not  provide  data  that  can  be  used  directly  in  the  interpretation  of  ancient 
limestones.  What  is  needed  are  studies  of  the  processes  involved.  Some 
of  the  serious  remaining  gaps  in  our  knowledge,  which  remain  because 
products  rather  than  processes  have  been  studied  are  :  (1)  carbonate  sed¬ 
imentation  (Why  and  how  fast?);  (2)  skeletal  growth  (How?);  (3)  car¬ 
bonate  mineral  stabilization  (How,  where,  and  when?);  (4)  skeletal  break¬ 
up  (How,  where,  and  what  products?1:  (5)  diagenesis  of  carbonates  (How 
and  where?);  (6)  primary  stmctures  (What  and  where?);  and  (7)  fossiliz- 
ation  (How  and  what?). 

If  students  of  modem  carbonates  will  look  carefully  at  the  processes, 
our  understanding  of  limestones  and  their  historical  significance  will 
move  rapidly  ahead. 
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SOME  ASPECTS  OF  IONIC  POLYMERIZATION* 

C.  G.  Overberger 

Department  of  Chemistry,  Polytechnic  Institute  of  Brooklyn,  Brooklyn,  N,  Y, 

In  1950,  it  was  demonstrated  in  an  elegant  paper  that  the  mechanism 
of  the  propagation  step  in  a  vinyl  polymerization  could  be  ascertained  by 
an  analysis  of  the  copolymer  composition  at  low  conversions.^  Thus  in  a 
classical  case,  when  styrene  and  methylmethacrylate  were  copolymerized 
with  a  radical  catalyst,  both  monomers  were  introduced  into  the  chain  at 
about  the  same  rate;  with  a  cationic  catalyst  such  as  stannic  chloride, 
only  polystyrene  was  produced  and,  with  an  alkali  metal  such  as  sodium, 
only  polymethylmethacrylate  was  formed.  This  generality  still  holds,  but 
there  are  many  factors  now  recognized  in  ionic  polymerization  that  alter 
the  conclusions  that  might  be  drawn  from  the  determination  of  copolymer 
composition  at  low  conversions. 

A  few  of  the  variables  that  may  alter  the  copolymer  composition  in 
I  ionic  systems  are  indicated. 

I  (1)  The  temperature  coefficient  for  rj  and  r,  for  ionic  systems  can  be 

I  quite  large,  and  thus  temperature  can  affect  copolymer  composition.’** 
(2)  Chain  transfer  for  molecular  termination  with  aromatic  solvents 
may  change  the  apparent  copolymer  composition  if  the  molecular  weights 
I  are  very  small. 

'  (3)  The  reaction  medium  may  affect  the  dissociation  and  reactivity  of 

i  the  ion  pair.*** 

(  (4)  The  possibility  exists  of  electron-transfer  initiation  with  subse- 

'  quent  formation  of  an  ion  radical  with  a  monomer  present,  which  may  add 

j  to  a  radical  portion  of  the  ion  radical  before  recombination  of  the  ion 

j  radical  to  form  a  di  anion.® 

j  (5)  The  problem  of  heterogeneous  catalyst  systems,  where  strong  ion 
I  complexes  are  formed  and  where  the  usual  steric,  polar,  and  resonance 
I  factors  that  operate  in  homogeneous  solution,  may  not  hold.  It  is  of 
>  course  also  possible  that,  for  polymerizations  that  take  place  at  a  cat- 
I  lyst  site  where  there  is  strong  complexing  in  homogeneous  solution, 
abnormal  reactivities  will  be  observed. 

Solvent  effects  have  been  noted  in  the  cationic  copolymerization  of 
p-chloro styrene  and  isobutylene  with  such  catalysts  as  aluminum  bromide 
j  and  stannic  chloride.*  The  reactivity  ratios  of  the  monomer  pair  varied 

i'  with  the  dielectric  constant  of  the  solvent.  The  effect  was  anticipated 

due  to  the  fact  that  isobutylene  is  a  completely  hydrocarbon  monomer 
whereas  p-chlorostyrene  has  an  appreciable  dipole  and  a  77-electton 
system  in  the  benzene  ring.  Similar  r'.-3ults  were  obtained  also  with 


*ThlB  paper  was  presented  at  a  meeting  of  the  Section  on  October  4.  1960. 
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styrene-chloroprene  as  the  monomer  pair  (Overbers;er  and  V.  G.  Kamath, 
unpublished  observations). 

Tobolsky  and  Kelley  also  have  noted  solvent  effects  in  the  copoly¬ 
merization  of  isoprene  and  styrene  with  lithium  and  butyllithium  in  dif¬ 
ferent  solvents.*  Furthermore,  the  cis:  trans  ratio  of  the  diene  portion  of 
the  polymer  varied  with  the  alkali  metal  used.*®  It  is  quite  clear  from  | 

these  results  that  the  type  of  ion  pair  and  the  nature  of  the  gegen  ion,  j 

and  the  solvent  are  all  imprtant  in  determining  not  only  the  structure  ^ 
of  the  polymer  but  the  copolymer  composition  in  many  ionic  systems. 

The  reasons  are  not  yet  clear  as  to  exactly  why  and  in  exactly  what  way 
the  dielectric  constant  of  the  medium  changes  the  reactivity  of  either  the 
ion  pair  or  the  monomer. 

Tobolsky  and  O'Driscoll**  “  studied  the  copolymerization  of  styrene 
and  methylmethacrylate  with  anionic  catalysts  in  tetrahydrofuran.  They  f 

found  that  with  lithium  metal  as  catalyst  the  styrene  content  of  the  poly-  ^ 
mers  varied  with  conversion  and  also  increased  with  increasing  tempera-  j 
ture.  However,  with  sodium,  potassium,  or  n-butyllithium,  they  found  I 
that  no  styrene  was  incorporated  into  the  polymer.  The  following  explan-  [ 
ation  was  given  as  a  possibility: 
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With  a  monomer  such  as  styrene,  which  has  a  very  low  activation  y 

energy  for  propagation,  and  since  the  recombination  of  the  initial  ion 
radical  has  an  appreciable  activation  energy  because  of  the  repulsion  of  ^ 

chaises,  these  investigators’  argument  is  that  a  number  of  units  of  sty-  '  q, 
rene  is  polymerized  by  a  radical  mechanism  (path  1)  before  dimerization  (jj 

of  the  anion-radical.  This  may  or  may  not  be  the  correct  explanation,  but  gj 

it  needs  very  careful  checking,  not  only  in  other  related  systems  but  by 
careful  fractionation  of  the  copolymers  to  see  whether  there  are  really  , 
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homof»eneous  copolymers  or  mixtures  of  copolymers  and  exactly  what 
their  composition  distribution  is. 

The  copolymerization  of  styrene  and  p -methyl styrene  with  the 
“Ziegler-Natta”  catalyst  systems  resulted  in  an  amorphous  product.*’ 
From  a  study  of  their  molecular  weight  and  copolymer  composition  distri¬ 
bution,  evidence  was  obtained  to  demonstrate  that  the  products  were 
copolymers.  Additional  evidence  for  a  oopolymer  was  obtained  by  com¬ 
paring  the  properties  of  these  products  with  those  of  a  known  mixture  of 
two  homopolymers.  Determination  of  the  relative  reactivity  of  styrene 
and  p -methyl styrene  show  them  to  have  about  equal  reactivity  in  this 
catalyst  system  (rj  -  1  ±  0.12,  r,  -  1  ±  0.12).  Analysis  of  the  copolymer- 
composition  distribution  indicated  the  presence  of  more  than  one  type  of 
copolymer,  suggesting  a  polyactivity  of  the  catalyst  system.  The  results 
are  best  explained  by  the  assumption  that  at  least  two  different  types  of 
copolymers  are  being  formed.  The  copolymerization  of  styrene  and  p-tert.- 
butylstyrene  failed  to  give  appreciable  copolymer;  instead,  from  the 
observed  crystallinity  of  the  polystyrene  and  composition  distribution,  it 
was  apparent  that  the  product  largely  contained  a  mixture  of  the  two 
homopolymers.  The  same  results  were  obtained  from  the  oo polymerization 
of  styrene  and  p-n- butyl  styrene.  It  is  tentatively  concluded  that  the 
reactivity  of  the  monomer  is  influenced  strongly  by  its  tendency  to  be 
co-ordinated  on  the  catalyst  sites  and  that  the  steric  and  polar  factors 
responsible  for  this  equilibrium  will  be  different  from  these  same  factor' 
that  are  responsible  for  the  reactivity  of  monomers  in  solution  in  fre 
radical  and  ionic-catalyzed  polymerization. 

The  most  interesting  discovery  from  this  initial  work  is  that  m'' 
transition  catalyst  systems  probably  have  more  than  one  type  of  catalyr 
site  and  thus  result  in  a  mixture  of  copolymers  at  low  conversion  rather 
than  one  copolymer  composition.  Preliminary  results  in  this  work  also 
revealed  that  p-tert.-butylstyrene  was  not  nearly  as  reactive  as  might 
be  expected  in  a  simple  homogeneous  anionic  system,  although  no  data 
are  available  for  a  homogeneous  system. 

My  associates  and  I  are  currently  investigating  the  steric  requirements 
that  may  be  necessary  for  co-ordination  polymerization  on  a  heterogeneous 
surface.  To  do  this  we  are  copolymerizing  p-tert.-butylstyrene  with  sty¬ 
rene,  p-methylstyrene  with  radioactive  styrene,  and  2,6-dimethylstyrene 
with  radioactive  styrene.  An  examination  of  molecular  models  has  con¬ 
vinced  us  that,  in  a  plausible  co-ordination  displacement  mechanism  for 
the  Ziegler-Natta  system,  a  very  large  penultimate  effect  may  be  realized 
with  alkyl  substituents  in  the  p-position.  Preliminary  results  have  indi¬ 
cated  that  p-tert.-butylstyrene  is  a  less  reactive  monomer  than  2,6-dime¬ 
thylstyrene  when  copolymerized  with  styrene  in  a  titanium-tetrachloride 
aluminum-alkyl  catalyst  system. 

It  is  fairly  clear  from  our  work  and  that  of  Carrick  and  his  co-workers 
(from  a  paper  presented  at  the  137th  American  Chemical  Society  Meeting) 
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that,  even  at  low  conversion,  constant  copolymer  compositions  are  not  \ 
obtained  with  the  usual  transition  metal  catalyst  systems.”  On  the  other  * 
hand,  if  a  transition  metal  catalyst  system,  which  presumably  would  have  ) 
only  one  valence  present,  were  available,  it  is  felt  that  possible  much 
narrower  composition  distributions  would  be  possible.  j 

Another  interesting  phase  of  our  work  with  Ziegler-Natta  polymerize*  j 
tions  is  the  work  carried  out  with  vinylcycloalkanes.”  It  was  of  interest 
to  prepare  several  new  polymers  bearing  alicyclic  groups  of  various  sizes  ^ 
and  to  study  their  properties.  To  this  end,  vinylcyclopentane  and  vinyl-  ^ 
cyclohexane  were  prepared  and  polymerized  with  Ziegler-Natta  catalysts.  i 
Vinylcyclopropane  was  polymerized  with  triisobutylaluminum  and  | 
titanium  trichloride  in  heptane  to  35  per  cent  conversion.  The  polymer  j 
was  crystalline  by  X-ray  analysis.  The  survival  of  the  tnree-membered  ' 
catbocyclic  system  during  the  polymerization  was  shown  by  infrared  anal-  * 
ysis.  This  fact,  coupled  with  the  high  degree  of  crystallinity  of  the  poly-  ^ 
mer,  virtually  eliminates  a  possible  propagation  mechanism  in  which 
“free”  cationic  centers  are  present  for  any  length  of  time  with  a  Ziegler- 
Natta  catalyst  system  since  a  carbonium-ion  alpha  to  a  cyclopropyl  group 
would  be  prone  to  rearrangement.  If  rearrangement  occurred,  chain  regu¬ 
larity  would  be  interrupted  and  crystallinity  drastically  reduced.  Prelim-  ^ 
inary  measurements  indicate  that  polyvinylcyclopiopane  crystallizes  in  , 
a  triclinic  unit  cell. 

Crystalline  polyvinylcyclopropane  was  reacted  with  hydrogen  bromide 
to  give  an  amorphous  polymer  containing  86  per  cent  of  the  theoretical  ^ 
bromine.  Reaction  of  the  polymer  with  bromine  resulted  in  an  amorphous 
polymer  with  85  per  cent  of  the  theoretical  bromine;  p-toluenesulfonic  \ 
acid  and  acetic  acid  and  sulfuric  acid  mixture  also  gave  amorphous 
polymers. 

Crystalline  polyvinylcyclopentane  was  obtained  with  triisobutylalum-  * 
inum  and  titanium  chloride  (III  and  IV)  in  7  to  14  per  cent  conversion.  j 
Crystalline  polyvinylcyclopentane  was  indexed  on  the  basis  of  a  tri¬ 
clinic  unit  cell,  then  being  three  monomer  units  in  an  identity  period  of  t 
6.6  A.  Crystalline  polyvinylcyclohezane  was  obtained  with  triisobutyla-  ^ 
luminum  titanium  chloride  (III  and  IV).  Crystalline  polyvinylcyclohexane 
was  indexed  on  the  basis  of  a  triclinic  unit  cell  with  three  monomer  units  ) 

O 

per  unit  cell.  The  density  period  was  observed  to  be  6.6  or  13.2  A,  de-  ^ 
pending  on  the  manner  in  which  the  fiber  was  prepared.  j 

; 
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THE  MOBILIZATION  OF  NEUTROPHILS* 

George  J.  Fruhman 
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Albert  Einstein  College  of  Medicine,  New  York,  N,  Y. 

Introduction 

It  is  becoming  increasingly  evident  that  the  final  outcome  of  an  infec¬ 
tion  may  depend  upon  the  ability  of  the  organism  to  mobilize  its  defenses 
immediately  after  being  challenged  by  a  bacterial  invasion.  The  polymor¬ 
phonuclear  neutrophilic  leukocyte,  invested  with  phagocytic  power,  forms 
an  important  component  of  these  defenses.  A  review  of  the  literature  re¬ 
veals  that  Elie  Metchnikoff  and  his  contemporaries  focused  their  atten- 
upon  the  behavior  of  such  leukocytes  in  inflammatory  sites.  By  the  turn 
of  the  century,  much  of  what  we  now  know  concerning  the  function  of 
neutrophils  already  had  been  discovered.  With  the  development  of  the 
hemacytometer  and  a  variety  of  blood  diluents,  the  attention  of  many 
hematologists  turned  to  the  study  of  circulating  leukocytes  under  numer¬ 
ous  experimental  and  clinical  conditions.  However  in  recent  years,  with 
the  aid  of  new  techniques,  investigators  are  displaying  a  renewed  interest 
in  studying  leukocytes  in  the  tissues.  Quantitative  studies  have  reaf¬ 
firmed  and  extended  our  concepts:  the  blood  stream  is  only  a  temporary 
residence  of  neutrophils;  many  more  cells  are  mobilized  in  the  tissues 
than  are  found  in  the  circulation;  and  neutrophils,  in  general,  fulfill  their 
functions  extravascularly.  The  evidence  for  such  conclusions  is  to  be 
found  in  the  papers  of  recent  symposia. 

Quantitative  Studies 

The  present  studies  were  initiated  in  order  to  gain  more  information 
about  the  ability  of  laboratory  animals  to  mobilize  large  numbers  of  neu¬ 
trophils.  Reports  of  some  of  this  work  have  been  published. e-io  After 
several  tissue  sites  were  studied,  it  became  evident  that  the  peritoneal 
fluid  was  to  be  preferred  for  several  reasons.  First,  the  fact  that  the 
cells  are  suspended  in  fluid  makes  possible  determination  of  the  numbers 
present  by  hemacytometric  techniques.  Second,  since  the  unstimulated 
animal  has  virtually  no  neutrophils  in  the  peritoneal  fluid,  even  a  slight 
influx  of  these  cells  can  be  detected.  Third,  it  is  possible  to  sample  the 
cavity  repeatedly  and,  in  this  way,  each  animal  can  serve  as  its  own  con¬ 
trol  when  necessary. 

•Thi«  paper.  Illustrated  with  slides,  was  the  first  of  two  papers  presented  at  a  meeting 
of  the  Section  on  October  10,  1960.  The  work  reported  In  It  was  supported  In  part  by 
Grant  CY-3071  from  the  National  Cancer  Institute,  Public  Health  Service,  Bethesda,  Md. 
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Although  a  variety  of  techniques  was  employed  in  initial  studies  and 
several  types  of  indwelling  catheters  were  used,  it  was  found  that  a  sim¬ 
ple  method  was  most  satisfactory.  Essentially,  this  method  consists  of 
challenging  the  animal  by  intraperitoneal  injection  with  various  sub¬ 
stances  in  solution  and  then,  after  an  appropriate  time  interval,  of  wash¬ 
ing  out  the  peritoneal  cavity.  By  the  application  of  hemacytometric  and 
staining  techniques,  determination  of  the  numbers  and  types  of  cells 
present  in  the  peritoneal  fluid  can  be  made.*® 

Saline  and  Neutrophil  Mobilation 

Encouraged  by  numerous  reports  in  the  literature  concerning  the  pur¬ 
ported  efficacy  of  saline  solutions  in  promoting  a  peritoneal  fluid  neutro¬ 
philia,  attempts  were  made  to  repeat  and  to  enlarge  upon  the  findings  of 
earlier  workers.  Salt  solutions  were  used  to  wash  out  the  peritoneal  cav¬ 
ity  of  animals  and  to  stimulate  the  influx  of  new  cell  populations.  These 
solutions  were  0.9  per  cent  NaCl  prepared  in  singly  distilled  water  with 
no  special  precautions  taken  for  purity  or  sterility.  Rats  were  subjected 
to  intermittent  peritoneal  lavage  and  were  studied  for  periods  ranging 
from  several  minutes  to  30  days.  A  local  influx  of  neutrophils  was  de¬ 
tectable  within  30  min.  after  an  initial  injection  of  10  ml.  of  such  saline. 
If  harvesting  was  done  at  the  end  of  5  hours,  more  than  20  million  neutro¬ 
phils  could  be  obtained  from  the  cavity.  When  rats  were  subjected  to 
daily  peritoneal  lavage  for  long  periods  of  time,  there  was  a  changing 
pattern  in  the  types  and  numbers  of  cells  that  were  collected.  Such  ani¬ 
mals  were  challenged  by  an  intraperitoneal  injection  of  10  ml.  0.9  per 
cent  saline  each  morning  followed  by  peritoneal  lavage  5  to  6  hours  later. 
During  the  first  few  days  large  numbers  of  granulocytes  appeared  in  the 
peritoneal  fluid;  these  consisted  primarily  of  neutrophils  but  also  in¬ 
cluded  eosinophils.  In  succeeding  days,  the  numbers  of  neutrophils  and 
eosinophils  harvested  were  drastically  diminished.  On  the  other  hand, 
the  influx  of  mononuclear  cells  (lymphocytes  and  macrophages)  con¬ 
tinued  unabated.  A  typical  record  for  cells  removed  from  a  single  animal 
is  depicted  in  figure  1.  On  the  other  hand,  bone  marrow  examinations 
of  such  animals  revealed  no  signs  of  depletion  of  either  neutrophils  or 
eosinophils,  and  this  fact  might  support  the  idea  that  the  animals  de- 
vdoped  a  tolerance  to  the  injections.  It  became  apparent  that  the  purity 
of  the  solutions  used  was  questionable  and  that  a  true  evaluation  of  the 
results  would  have  to  await  the  use  of  solutions  of  known  purity.  This 
question  arose  in  a  series  of  later  experiments  when  it  was  noted  that  a 
uniform  response  was  not  always  obtained  following  intraperitoneal  in¬ 
jection  of  salt  solutions.  Certain  groups  of  animals  responded  with  a 
strong  neutrophilia;  other  groups  reacted  weakly. 

In  an  attempt  to  obtain  reproducible  results,  only  fresh,  sterile,  non- 
pyrogenic  salt  solutions  were  employed.  All  glassware  and  needles  used 
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Figure  l.  Leukocytes  harvested  from  peritoneal  fluid  of  a  rat  subjected  to 
daily  peritoneal  lavage  for  25  consecutive  days.  Note  that  the  values  are  cumu* 
lative. 

were  sterilized  by  dry  heat  at  168°  C.  for  at  least  2  hours.  When  such 
precautions  were  taken,  it  became  evident  that,  contrary  to  numerous  re¬ 
ports  in  the  literature,  0.9  per  cent  saline  was  not  able  to  evoke  a  peri¬ 
toneal  fluid  neutrophilia.  Moreover,  this  lack  of  response  was  noted  in 
animals  sacrificed  at  5-hour  intervals  to  70  hours  after  the  challenging 
injections,  indicating  that  the  response  is  absent  rather  than  delayed. 


Ability  of  Certain  Substances  to  Evoke  a 
Peritoneal  Fluid  Neutrophilia 

The  finding  that  pare  saline  solutions  will  not  cause  neutrophils  to 
appear  in  the  peritoneal  fluid  made  it  desirable  to  test  the  ability  of 
other  substances  to  evoke  a  peritoneal  fluid  neutrophilia  Many  sub¬ 
stances  have  been  reported  in  the  literature  to  cause  a  local  neutrophilia, 
to  be  mediators  in  the  inflammatory  response,  or  to  be  chemolactic  for 
neutrophila  It  is  worthy  of  note  that  certain  of  these  substances,  when 
injected  intraperitoneally,  proved  unable  to  mobilize  neutrophils.  Among 
the  impotent  substances  were  D-glucose,  glycogen,  heparin  sodium,  his- 
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tamine  phosphate,  and  a  sterile,  nonpyrogenic  solution  of  amino  acids. 

In  sharp  contrast  to  the  results  obtained  by  use  of  the  aforementioned 
substances  are  those  that  were  seen  following  the  injection  of  bacterial 
extracts,  long  known  to  be  powerful  incitants  of  the  neutrophil  response. 
Although  live  bacteria  can  be  used  to  obtain  essentially  the  same  type  of 
cellular  response  as  with  bacterial  extracts,  it  has  been  found  to  be  more 
expedient  to  use  the  latter  for  quantitative  studies.  Figure  2  summar¬ 
izes  the  results  for  one  experiment.  It  can  be  seen  that  sterile,  nonpyro¬ 
genic  saline  was  not  effective  in  evoking  a  neutrophilia  of  peritoneal 
fluid.  This  was  in  contrast  to  either  ordinary  saline  or  a  solution  of  non¬ 
pyrogenic  saline  to  which  0.1  fig.  of  a  bacterial  extract  (Piromen,  a  lipo- 
polysaccharide  derived  from  Pseudomonas)  had  been  added.  The  peri¬ 
toneal  fluid  neutrophilia  had  rapid  onset,  reached  a  peak  by  about  5 
hours,  and  then  was  sustained  for  another  15  hours.  Between  20  to  25 


INFLUX  OF  NEUTROPHILS 
INTO  PERITONEAL  FLUID  AT  5  HOURS 


0.1  >jg.  BACTERIAL 
EXTRACT 

Figure  2,  influx  of  neutrophils  into  peritoneal  fluid  of  rats  challenged  5 
hours  previously  by  intraperitonea  1  injection  of  0.9  per  cent  saline  solution 
made  with  singly  distilled  water  (ordinary  saline);  sterile,  nonpyrogenic  saline 
(N.P.  saline);  or  with  sterile  nonpyrogenic  saline  to  which  Piromen  (bacterial 
extract)  had  been  added.  Vertical  lines  indicate  i  1  standard  error  of  the  mean. 
The  number  at  the  top  of  each  bar  indicates  the  numbers  of  rats  in  each  group. 
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hours  after  the  initial  injection,  a  precipitous  decline  in  neutrophil  num¬ 
bers  occurred,  accompanied  by  morphologic  evidence  of  neutrophil  de¬ 
generation  and  phagocytosis  of  the  remains  by  macrophages.  By  72  hours, 
few  neutrophils  remained.  It  is  clear  that  this  was  a  typical  inflammatory 
response. 

The  numbers  of  neutrophils  harvested  from  the  peritoneal  fluid  at  5 
hours  following  the  injection  of  graded  doses  of  Piromen  depended  on  the 
dose  injected  (figure  3).  It  can  be  seen  that  as  little  as  0.001  pg. 
evoked  a  measurable  cellular  response  and  that  increasing  doses  resulted 
in  increasing  numbers  of  neutrophils;  about  43  million  neutrophils  were 
harvested  after  the  injection  of  0.316  (ig.  of  Piromen.  With  still  higher 
doses,  the  numbers  of  neutrophils  obtained  decreased  markedly.'® 

PERITONEAL  FLUID  NEUTROPHILS  AT 
5  HOURS 
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Figure  3.  Effect  of  intraperitoneal  injection  of  graded  doses  of  Piromen 
(bacterial  extract)  on  the  numbers  of  neutrophils  harvested  5  hours  later.  Ver¬ 
tical  lines  indicate  ±1  standard  error  of  the  mean.  The  number  at  the  top  of  each 
bar  indicates  the  number  of  rats  in  the  group. 

Peripheral  white  blood  cell  counts  following  each  injection  of  Piromen 
confirmed  the  pattern  that  has  been  reported  in  the  literature.  Neutro¬ 
philic  leukopenia  developed  within  minutes,  followed  by  a  striking  neu¬ 
trophilia  (figure  4).  Bone  marrow  studies  made  5  hours  after  the  in¬ 
traperitoneal  injection  of  1  pg.  of  Piromen  revealed  that  there  was  a 
marked  depletion  in  the  numbers  of  mature  neutrophils  (figure  5), 
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Figure  4.  Neutrophil  responses  in  the  peripheral  blood  of  a  rat  following  3 
injections  of  1/xg.  Piromen. 
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Figure  5.  Mature  neutrophils  in  rat  bone  marrow  S  hours  after  intraperitoneal 
injection  of  10  ml.  sterile,  nonpyrogenic  saline  (N.P.  saline)  and  10  mg.  sterile, 
nonpyrogenic  saline  to  which  had  been  added  1  Piromen  (bacterial  extract). 
Vertical  lines  indicated  ±1  standard  error  of  the  mean.  The  number  at  the  top  of 
each  bar  indicates  the  number  of  rats  in  the  group. 
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suggesting  that  a  large  number  of  neutrophils  found  in  the  peritoneal 
cavity  and  blood  were  recruited  from  the  bone  marrow.  Similar  conclusions 
based  on  radioactive  techniques  have  been  deduced  by  others.** 

Inhibition  of  Neutrophil  Mobilization 

Since  a  standardized  peritoneal  fluid  neutrophil  response  can  be 
evoked  experimentally,  it  became  of  interest  to  investigate  the  ability  of 
certain  agents  to  modify  the  pattern  of  response.  Thus  it  was  found  that 
a  single  injection  of  colchicine  will  inhibit  neutrophil  mobilization.  ^ 
Experiments  are  being  carried  out  that  will  evaluate  the  role  of  the 
adrenal  cortex  in  the  phenomenon  of  neutrophil  mobilization.  Preliminary 
experiments  with  single  injections  of  cortisol  showed  that  relatively 
large  doses  were  required  to  elicit  an  inhibitory  response.  Furthermore, 
the  degree  of  inhibition  was  not  marked  (figure  6). 

CORTISOL  AND  NEUTROPHIL  MOBILIZATION 
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Figure  6.  Effect  of  a  single,  subcutaneous  injection  of  cortisol  upon  the 
the  number  of  neutrophils  mobilized  into  the  peritoneal  fluid  of  rats  that  had 
been  challenged  by  intraperitoneal  injection  of  1  pg.  Piromen  in  5  ml.  saline. 
Vertical  lines  indicate  ±1  standard  error  of  the  mean.  Five  rats  were  tested 
at  each  dose. 

Discussion 

For  more  than  60  years  investigators  have  used  the  stimulated  peri¬ 
toneal  cavity  of  laboratory  animals  as  the-  source  of  millions  of  neutro¬ 
phils.  *2  It  has  been  said  that  almost  anything  injected  into  the  peritoneal 
cavity  will  evoke  a  massive  neutrophilia,  but  this  is  clearly  not  the  case. 
In  the  present  experiments  the  only  potent  substances  that  have  elicited 
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local  neutrophilia  have  been  bacteria  or  bacterial  derivatives,  and  they 
have  been  characteristically  active  in  trace  amounts.  Specificity  of  re¬ 
sponse  to  bacterial  products  is  not  surprising  since,  in  an  ever-continuing 
battle  against  bacteria,  it  is  to  be  expected  that  animals  have  evolved 
sensitive  methods  to  seek  out  and  destroy  these  intruders.  The  role  of 
bacterial  endotoxins  in  the  production  of  fever  has  been  under  thorough 
investigation,  and  a  close  link  has  been  established  between  such  en¬ 
dotoxins  and  granulocytes.  1 3  However,  in  the  past  the  major  emphasis 
has  been  placed  upon  the  mechanism  of  fever  production  and  the  leuko¬ 
penia  that  is  seen  several  minutes  after  injection  of  the  endotoxins.  The 
ensuing  leukocytosis  has  not  been  investigated  sufficiently.  Most  bac¬ 
terial  derivatives  that  have  been  employed  previously  a’e  complex  sub¬ 
stances,  and  it  is  felt  that  more  highly  purified  fractions  could  be  eval¬ 
uated  using  the  peritoneal  fluid  response  as  an  assay  method. 

Another  parameter  of  importance  is  the  ability  of  the  animal  to  mobi¬ 
lize  neutrophils  under  a  variety  of  conditions.  This  capacity  must  play  a 
key  role  in  what  is  loosely  termed  the  “resistance”  of  an  animal  to  cer¬ 
tain  infections.  Among  the  inhibitors  of  neutrophil  mobilization  are 
hemorrhage,*^  large  doses  of  bacterial  endotoxins,*®  and  cortisol.**  If 
is  worthy  of  note  that  certain  leukemic  patients  who  are  susceptible  to 
infections  show  an  impaired  ability  to  mobilize  neutrophils.*^  A  con¬ 
tinued  investigation  along  these  lines  including  an  examination  of  the 
animal’s  capacity  to  mobilize  neutrophils  in  certain  physiological  states 
will  prove  to  be  fruitful. 
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HUMORAL  REGULATION  OF  LEUKOCYTE  NUMBERS* 
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Increasing  evidence  points  to  the  participation  of  humoral  mechanisms 
in  the  regulation  of  hematopoiesis.  This  has  now  been  clearly  demon* 
strated  for  erythropoiesis.^>5  Thus  potent  erythropoietic  stimuli  such  as 
bleeding,  lowered  barometric  pressures,  and  hemolytic  agents  evoke  the 
production  of  a  circulating  erythropoietic  stimulating  principle  (the  ESP 
or  erythropoietin).^"*  This  factor  has  been  concentrated  considerably, 
and  daily  doses  of  as  little  as  5  to  10  fig.  of  highly  purified  sheep  plasma 
or  human  urinary  ESP  preparations  stimulate  erythropoiesis  significantly 
in  rats.  The  factor  appears  to  operate  by  causing  diversion  of  the 
he’T’cpoietic  precursor  cells  into  the  erythroid  line,  little  or  no  action 
being  exerted  on  the  rate  of  nucleated  erythroid  cell  maturation  or  prolif* 
eration.  9.10  The  consensus  is  that  the  ESP  is  a  glycoprotein  in  which 
sialic  acid  and  polypeptide  groupings  are  essential  for  the  biological 
activity.  1 1-15  it  would  appear  now  that  the  orthodox  endocrine  system, 
including  the  adenohypophysis,  thyroid,  and  adrenal,  1.2  plays  a  subsi¬ 
diary  role  in  erythropoiesis,  probably  acting  to  create  a  metabolic  en¬ 
vironment  favorable  for  the  expression  of  more  primary  e.ythropoietic 
regulators  such  as  the  circulating  ESP.  For  details  on  humoral  relations 
to  erythropoiesis,  the  reader  is  referred  to  the  monograph  Hematopoietic 
Mechanisms.  ^6 

Attempts  have  also  been  made  to  demonstrate  the  existence  of  circu¬ 
lating  leukocyte-regulating  factors.  Steinberg  and  Martin**  described  an 
ability  of  normal  human  and  rabbit  plasma  to  stimulate  release  of  granular 
leukocytes  from  bone  marrow.  Along  similar  lines,  Komiya  and  his  asso¬ 
ciates!  7  have  demonstrated  the  appearance  of  several  circulating  leuko¬ 
cytosis-inducing  factors  (LIP),  one  for  each  cell  line,  following  exposure 
to  vaccines  and  other  agents.  They  conclude  that  a  “neutropoietin”  is 
evoked  by  typhoid  vaccine,  a  "lymphopoietin”  by  pertussis  vaccine,  and 
an  “eosincpoietin”  by  exposure  to  ultraviolet  radiation.  The  appearance 
of  a  plasma  LIP  following  typhoid  vaccine  injections  is  claimed  to  re- 

*This  paper,  illustrated  with  slides,  was  the  second  of  two  presented  at  a  meeting 
of  the  Section  on  October  10,  1960.  The  work  reported  here  was  supported  In  part  by 
Grant  H-33S7  from  the  National  Heart  Institute,  PubUc  Health  Service,  Bethesda,  Md., 
and  by  Grant  DRG-406  from  the  Damon  Runyon  Memorial  Fund  for  Cancer  Research,  Inc., 
New  Yoik,  N.  Y. 

fFellow  of  the  Leukemia  Society,  Inc.,  New  York,  N.  Y. 

ij^Predoctoral  Fellow,  National  Heart  Institute,  Public  Health  Service,  Bethesda,  Md. 
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quire  the  presence  of  the  adrenals.  1 8 

The  possibility  that  a  normal  LIF  exists  is  suggested  from  an  analysis 
of  the  peripheral  white  cell  response  to  repeated  leukocyte  withdrawal 
or  injections  of  pyrogens2»  or  vaccines.'^  In  these  situations,  the  general 
pattern  is  characterized  by  rapid  leukopenia  followed,  at  varying  intervals, 
by  a  rebound  leukocytosis. 

Recent  experiments  in  our  laboratories  have  supported  the  existence 
of  a  circulating  LIF  following  repeated  leukocyte  removal  (leukocy- 
tapheresis  or  LAF^)  in  rats.  *s»23,23  Similar  leukocyte>inducing  properties 
have  been  described  for  plrsma  from  normal,  LAP,  and  leukemic  humans 
as  well  as  from  LAP  dogs.2<.2S 

It  is  the  purpose  of  this  report  to  summarize  our  recent  findings  on  the 
circulating  LIF. 

Effects  of  Plasma  Obtained  from  Repeatedly  Leukocytapheresed  Rats 

The  demonstration  of  a  circulating  LIF  in  rats  necessitated  the  de¬ 
velopment  of  a  method  that  made  possible  the  withdrawal  of  large  numbers 
of  leukocytes.  The  technique  adopted  was  essentially  that  introduced  by 
Ponder  and  Macleod^*  as  modified  by  Andelman?^  It  consists  in  injecting 
adult  rats  intraperitoneally  with  25  ml.  of  isotonic  sterile  saline.  Nine 
hours  later,  an  additional  10  ml.  of  saline  is  injected  to  flush  the  perito¬ 
neal  cavity  and  to  permit  the  collection  of  the  exudate  and  its  contained 
leukocytes.  This  procedure,  repeated  6  to  8  times,  permitted  removal  of 
more  than  1  billion  leukocytes.  The  cell  population  removed  at  first  was 
largely  of  the  mononuclear  (lymphocyte  and  macrophage)  variety.  With 
succeeding  LAP,  increasing  numbers  of  neutrophilic  granulocytes,  along 
with  the  mononuclear  elements,  were  noted  in  the  exudates.  Upon  com¬ 
pletion  of  the  LAP  procedures,  the  rats  were  exsanguinated  and  the 
heparinized  blood  centrifuged  for  collection  and  pooling  of  the  plasmas. 

It  will  be  noted  from  table  1  that  single  10-ml.  subcutaneous  in¬ 
jections  of  plasma,  from  rats  subjected  to  6  or  8  LAP,  into  intact  rats 
resulted  in  a  highly  significant  augmentation  in  their  peripheral  leuko¬ 
cyte  counts  at  4  and  6  hours  after  administration.  The  response  was 
characterized  by  increases  in  both  the  neutrophilic  granulocyte  and 
mononuclear  (largely  lymphocyte)  categories.  Similar  results  were  ob¬ 
tained  when  Krebs-Ringer  solution  instead  of  0.9  per  cent  saline  was 
used  as  the  infusing  medium.  Plasma  from  non-LAP  control  donors  was 
clearly  ineffective. 

An  analysis  of  covariance28  for  an  additional  12  rats  (6  receiving 
10  ml.  of  “LAP  plasma”  and  the  other  6,  10  ml.  of  normal  plasma) 
revealed  highly  significant  increases  in  the  total  white  cell  counts, 
neutrophil,  eosinophil,  and  mononuclear  cell  numbers  in  the  rats  receiv¬ 
ing  the  “LAP  plasma”  at  4  hours  after  injection  (table  2). 

No  changes  in  the  peripheral  white  cell  parameters  were  produced  in 
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Table  1* 

Effects  of  Single  Injections  of  10  milliliters  Plasma  from  lap 
AND  Non-lap  rats  upon  the  Formed  Blood  Elements  of  Intact  rats 
(Means  ±Standard  Errors) 


Number  of  rats  Hours  after  WBC  (1000/mm.  ^  Eos  (No./mm.  ^  WBC  differentials  (%) 


injection 

Mononuclear 

Neutrophils 

Plasma  from  LAP  donors  (rats  subjected  to  6  LAP) 
6  0  15.6  ±2.9 

183  ±  34.6 

85  ±1.8 

15.7  ±2.2 

4 

37.5  ±4.5 

296  ±  3.7 

72  ±3.9 

27.7  ±3.9 

6 

34.0  ±3.2 

267  ±  34.5 

72  ±3.0 

26.7  ±2.9 

Plasma  from  LAP  donors  (rats 

6  0 

subjected  to  8  LAP) 
14.4  ±1.0 

117  ±  19.4 

87  ±2.9 

13.3  ±2.9 

4 

3a  1  ±3.3 

139  ±  20.3 

75  ±2.6 

25.3  ±2.6 

Plasma  from  rats  subjected  to  6-8  LAP  (Krebs-Ringer  used  instead  of  saline  as 

infusion  so- 

lution) 

5  0 

17.8  ±2.6 

108  ±  31.9 

90  ±a57 

9.7  ±a41 

4 

27.5  ±2,9 

133  ±  43.5 

67  ±7.2 

33.0  ±7.1 

6 

28.2  ±2.2 

147  ±  31.8 

66  ±2.8 

33.0  ±5.7 

Plasma  from  non-LAP  donors 

6  0 

16.8  ±2.5 

285  ±  85.9 

86  ±1.4 

13.3  ±1.1 

4 

17.8  ±2.4 

318  ±105.8 

86  ±2.5 

13.8  ±2.2 

6 

17.4  ±2.4 

313  ±104.1 

83  ±2.2 

15.7  ±2.1 

*Reproduced  by  permission  of  Acta  Haematologica.^^ 


rats  subjected  to  pseudo-LAP  procedures,  that  is,  8  injections  of  saline 
being  made  but  exudates  and  contained  leucoc}^es  not  being  removed 
(tables  3A  and  B).  Administration  of  plasma  obtained  from  these 
sham-LAP  rats  into  intact  rats  resulted  in  no  significant  alterations  in 
their  leukocyte  values. 

Quantitative  methods^'^®  were  employed  to  determine  the  myelograms 
and  total  cellularity  in  the  right  tibias  of  6  untreated  controls,  5  rats 
receiving  single  10-ml.  injections  of  normal  plasma  and  5  rats  injected 
with  10  ml.  of  “LAP  plasma"  at  6  hours  after  the  injections.  Figure  1 
indicates  that  administration  of  the  “LAP  plasma"  caused  significant 
decreases  in  the  absolute  numbers  of  neutrophilic  and  eosinophilic 
granulocytes  accompanied  by  an  elevation  in  the  numbers  of  lymphocytes 
in  the  tibial  marrows  of  the  recipient  rats.  Somewhat  similar  effects  were 
produced  by  control  plasma,  but  these  were  of  lesser  intensity  and,  for 
the  most  part,  insignificant.  Nucleated  red  cell  numbers  in  the  marrow 
were  unaltered  in  the  plasma-injected  groups. 

It  seems  unlikely  that  the  leukocytosis  observed  in  rats  injected  with 
“lap  plasma"  is  attributable  to  factors  that  might  be  implicated  in  the 
response  to  nonspecific  stress.  Thus  administration  of  prednisolone, 
adrenaline,  norepinephrine,  serotonin,  histamine,  or  pyrogen  (Baxter’s 
Pyromen)  failed  to  reproduce  the  features  of  the  response  noted  with  the 
“LAP  plasma"  (table  4).  Prednisolone  evoked  absolute  lympho¬ 
penia  and  eosinopenia  at  4  hours  while  absolute  neutrophilia  was 
evident  only  at  6  hours.  Somewhat  similar  effects  were  seen  with 
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Table  3A* 

Effects  of  Eight  Intraperitoneal  Injections  of 
35  MILLILITERS  0.9  Per  Cent  Saline  With  No  withdrawal  of 
Exudates  upon  wbc  of  Donor  Rats  (Means  Istandard  Errors) 


Number  of  rats 

Period 

WBC  (1000/mm.  3) 

Eos  (No./mm.  3) 

WBC  differentials  (%) 
Mononuclear  Neutrophi 

15 

Before  injection 
After  injection 

17.7  ±1.5 

17.4  ±0.16 

136  ±29.6 

213  ±33.1 

83  ±1.1 

83  ±2.5 

16.2  ±1. 
17.3  ±2. 

23 

*Data  from  Gordon  et  al.  , 

Table  3B* 

Effects  of  Single  10  Milliliters  Plasma  Injections  from 
Rats  Given  Eight  L  P.  Injections  of  Saline  With  No  Withdrawal  of 
Exudates  upon  WBC  Counts  of  Recipient  Rats  (Means  ±Standard  Errors' 


Hours  after  WBC  differentials  (%) 


Number  of  rats  injection 

WBC  (1000/mm.  3) 

Eos  (No./mm.  3) 

Mononuclear 

Neutrophil 

5  0 

18.6  ±1.0 

143  ±11.0 

81  ±0.5 

17.1  ±2.< 

4 

18.8  ±3.0 

154  ±2Z0 

84  ±2.5 

16.5  ±Z. 

6 

21.2  ±2.0 

165  ±11.0 

85  ±2.5 

15.6  ±2.1 

*Data  from  Gordon  et  al. 


Figure  l.  Mean  absolute  numbers  (X  10*^)  in  right  tibial  bone  marrows 
of  rats  at  6  hours  after  single  10-ml.  injections  of  normal  plasma  (5  rats)  and 
“lap  plasma”  (5  rats).  Figures  for  6  untreated  controls  are  included.  A  dark 
ellipse  over  a  bar  indicates  a  signiticant  difference  (P  <  0.05)  compared  to  the 
untreated  controls.  Reproduced  by  permission  of  J.  6t  A.  Churchill,  Ltd.,  London, 
England.  13 
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Table  4* 

Effects  of  hormonal  and  Other  Agents  Upon  Leukocyte  Numbers  of 
Intact  female  Rats  (Means  ±Standard  Errors) 


Hours  after  WBC  differentials  (%) 


Number  of  rats  injection 

Prednisolone  (1  mg.) 

WBC  (1000/mm,  3) 

Eos  (No./mm. 3) 

Mononuclear 

Neutrophils 

5 

0 

14.8  ±2.3 

145  ±  14.9 

87  ±0.26 

12.2  ±0.94 

4 

6.8  ±1.4 

44  ±  6.9 

75  ±0.26 

25.1  ±0.26 

6 

1Z7  ±1.4 

167  ±19.4 

69  ±2.8 

3a8  ±3.2 

Adrenaline  (10  ug.) 

5 

0 

15.5  ±2.4 

176  ±22.6 

88  ±  L4 

ia3  ±1.6 

4 

16.8  ±1.9 

145  ±  19. 1 

85  ±2.8 

14.2  ±Z8 

Norepinephrine  (200 

6 

»€•) 

14.7  ±2.2 

158  ±32.2 

81  ±3.1 

18.6  ±Z7 

5 

0 

16.6  ±1.8 

101  ±  8.8 

89  ±2.0 

1L5  ±Z1 

4 

16.7  ±3.3 

44  ±  13.9 

44  ±7.1 

55w3  ±6.7 

6 

15.4  ±1.8 

51  ±19.4 

69  ±4.4 

3a  2  ±4.0 

Serotonin  (25  Mg.) 

5 

0 

16.2  ±1.0 

132  ±15.6 

76  ±2.4 

13.0  ±Z6 

4 

12.8  ±1.5 

150  ±27.3 

85  ±2.6 

14,4  ±Z5 

6 

12.5  ±1.6 

102  ±16.2 

78  ±2.8 

20.4  ±3.2 

Histamine  (10  m&) 

5 

0 

1L5  ±1.5 

167  ±2Z6 

82  ±1.8 

17.3  ±2.2 

4 

12.6  ±1.2 

180  ±26.4 

83  ±a22 

15.6  ±0.28 

6 

12.1  ±1.3 

128  ±  4.4 

72  ±Z2 

28.2  ±1.7 

Pyromen  (10  ug.) 

5 

0 

16.2  ±1.4 

182  ±20.9 

85  ±1.9 

12.4  ±1.5 

4 

19.6  ±2.4 

101  ±  5.4 

53  ±2.7 

45.4  ±2.7 

6 

19.1  ±2.7 

66  ±9.8 

65  ±4.6 

3Z4  ±4.6 

Pyromen  (100  Mg.) 

5 

0 

12.4  ±1.9 

114  ±34.4 

83  ±2.4 

15.6  ±2.7 

4 

13.6  ±0.84 

26  ±ia8 

44  ±5.6 

55.2  ±5.6 

6 

12.7  ±1.3 

13  ±  5.4 

44  ±8.6 

55.8  ±8.5 

*Data  from  Gordon  et  al?^ 

norepinephrine  and  pyrogen.  Adrenaline,  serotonin,  and  histamine 
in  the  dosages  employed  elicited  only  slight  and,  for  the  most 
part,  insignificant  changes  in  the  peripheral  blood  picture.  The 
nonnecessity  of  the  pituitary>adrenal  axis  for  the  response  to  “LAP 
plasma”  is  also  indicated  from  the  ability  of  this  plasma  to  induce 
leukocytosis  of  similar  intensity  in  adrenalectomized  or  hypophysecto- 
mized  rats  (unpublished  observations).  It  is  noteworthy  to  mention  that, 
in  our  hands  as  well  as  those  of  others,i7«2i  injections  of  vaccines  or 
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endotoxins  into  intact  animals  are  followed  by  a  rapidly  occurring  leuko¬ 
penia  before  the  leukocytosis  becomes  evident.  We  have  not  observed  an 
initial  leukopenia  after  administration  of  effective  doses  of  “LAP 
plasma.” 

Experiments  in  Parabiotic  Rats 


Litter-mate  female  rats  weighing  180  to  200  gm.  were  parabiosed  by 
the  method  of  Bunster  and  Meyer.*  Repeated  peritoneal  cavity  LAP  was 
instituted  in  the  right  partners  of  12  parabiotic  pairs  at  4  to  7  days  after 
surgery.  As  above,  LAP  was  continued  until  more  than  1  billion  leuko¬ 
cytes  were  removed  from  the  right  partners.  In  11  cases  the  total  white 
cell  counts  decreased  in  the  right  partners  and  these  drops  were  accom¬ 
panied  by  significant  increases  in  the  left  non-LAP  parabionts.  Two 
representative  cases  are  indicated  in  figure  2.  Differential  determina¬ 
tions  indicated  that  the  rise  in  total  white  cell  counts  experienced  by  the 
left  partners  was  due  chiefly  to  increases  in  polymorphonuclear  neutro¬ 
phils  and  mononuclear  elements.  These  results  are  interpreted  to  mean 
that  repeated  LAP  of  one  member  of  a  parabiotic  pair  results  in  the 


PAIR  1  PAIR  2 


before 

after 


Figure  2.  Total  peripheral  leukocyte  counts  in  parabionts  before  and  after 
repeated  LAP  in  right  partners.  RP-  right  partner;  LP-  left  partner.  Reproduced 
by  permission  of  J.  &  A.  Churchill,  Ltd.,  London,  England.  *5 


46 


TRANSACTIONS 


appearance  of  a  factor  (the  LIF)  capable  of  traversing  the  parabiotic 
junction  to  evoke  leukocytosis  in  the  opposite  non-LAP  partner. 


Experiments  with  Perfused  Isolated  Hind  Legs  of  Rats 

It  seemed  important  to  determine  whether  the  action  of  the  plasma 
LIF  was  exerted  directly  upon  the  bone  marrow.  To  this  end,  the  effects 
of  “LAP  plasma"  were  examined  on  the  rate  of  leukocyte  release  from 
hind  legs  of  rats  (Long>Evans  strain,  weighing  approximately  300  gm.) 
perfused  with  50  ml.  of  homologous  blood  depleted  of  most  of  its  leuko* 
cytes  by  repeated  centrifugation.*^^*  Heparin,  a  penicillin>streptomycin 
mixture,  and  glucose  were  added  at  periodic  intervals  during  the  standard 
2>hour  perfusion.  A  gas  mixture  of  95  per  cent  oxygen  and  5 -per  cent 
carbon  dioxide  was  steadily  supplied. 

Figure  3  indicates  that  a  mean  of  approximately  50  million  leuko¬ 
cytes  were  discharged  from  the  control-perfused  legs  into  the  perfusate 
during  the  first  half  hour  of  perfusion  (5  legs  used  in  this  series).  Addi¬ 
tion  of  7  ml.  of  “LAP  plasma”  at  the  initiation  of  the  perfusion  period 

ISOLATED  LIMB 

EFFECTS  OF  LAP  PLASMA  ON  LEUK.  RELEASE 


(MIN.) 

Figures.  Effects  of  a  single  addition  of  7  mL  of  “LAP  plasma"  at  the 
initiation  of  perfusion  on  the  rat>’  of  leukocyte  release  from  isolated  hind  legs 
of  rats  perfused  with  leukocyte^epleted  blood.  Mean  values  are  shown.  The 
2  dark  ellipses  over  the  bar  indicate  a  significant  difference  (P  <  0.01)  compared 
to  controls.  Reproduced  by  permission  of  J.  &  A.  Churchill,  Ltd.,  London, 
England. 
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resulted  in  3  preparations  employed,  in  approximately  a  150  percent  mean 
increase  in  the  numbers  of  leukocytes  released  over  the  same  half-hour 
period.  However,  at  the  1-  and  2-hour  perfusion  periods,  the  total  numbers 
of  leukocytes  appearing  in  the  perfusates  were  similar  for  the  experi¬ 
mental  and  untreated  legs.  The  white  cells  released  were  both  of  the 
granulocytic  and  mononuclear  (lymphocyte)  variety. 

Discussion 

The  data  presented  in  this  report  indicate  the  appearance  of  a  leuko¬ 
cytosis-inducing  factor  (LIP)  in  the  circulating  blood  of  rats  following 
withdrawal  of  large  numbers  of  leukocytes.  This  LIP  is  capable  of  more 
than  doubling  the  total  circulating  leukocyte  count  in  recipient  rats  with¬ 
in  4  hours  after  its  administration.  Both  granulocytes  and  lymphocytes 
contribute  to  this  leukocytosis.  The  factor  appears  to  operate  by  increas¬ 
ing  the  rate  of  leukocyte  release  from  the  blood-forming  tissues.  This  is 
noted  from  both  the  tibial  marrow  response  in  intact  rats  receiving  the 
plasma  LIP  and  from  the  increased  rate  of  leukocyte  discharge  from  legs 
perfused  with  blood  to  which  the  LIP  has  been  added. 

It  seems  unlikely  that  the  leukocytosis  induced  by  the  LIP  is  attrib¬ 
utable  to  its  content  of  nonspecific  factors  that  might  be  involved  in  the 
stresses  imposed  by  repeated  LAP.  Thus  administration  of  prednisolone, 
adrenaline,  norepinephrine,  serotonin,  histamine,  and  pyrogen  in  the 
doses  employed  failed  to  reproduce  the  type,  intensity,  and  temporal 
features  of  the  response  noted  with  the  LIP.  Moreover,  the  character¬ 
istic  leukocytosis  was  evoked  in  adrenalectomized  and  hypophysecto- 
mized  rats  as  well. 

The  present  experiments  lend  support  to  the  concept  that  the  mature 
leukocytes  function  as  a  negative  feedback  mechanism  in  the  release  and 
perhaps  production  of  these  blood  elements.  Thus  withdrawal  of  adult 
leucocytes,  with  the  removal  of  their  contained  inhibitory  mechanism, 
evokes  the  production  of  an  LIP.  Additional  evidence  for  this  hypothesis 
is  afforded  in  the  finding  that  when  the  peritoneal  exudates  (and  their 
contained  leukocytes)  are  not  removed,  the  LIP  is  not  detectable  in  their 
plasmas.  It  seems  probable  that  the  release  of  leukocytes  from  the  bone 
marrow,  an  action  induced  by  the  LIP,  serves  to  trigger  compensatory 
cellular  proliferative  mechanisms  to  replace  those  elements  discharged 
into  the  circulation.  Moreover  the  ability  of  the  plasma  LIP  to  enhance 
the  rate  of  release  of  both  granulocytic  and  mononuclear  elements  may  be 
the  consequence  of  the  withdrawal  of  both  types  of  leukocytes  in  the 
LAP  procedure  employed  in  these  experiments.  This  interpretation  would 
tend  to  support  the  specificity  of  the  cellular  negative  feedback  hypoth¬ 
esis  as  already  advanced  not  only  for  blood  elements^'^  but  for  other 
cellular  systems  as  well.^®®  In  this  regard,  it  would  be  pertinent  to 
attempt  the  removal  of  large  numbers  of  one  particular  blood  cell  line  and 
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then  to  determine  whether  plasma  irom  such  animals  would  speed  the 
release  of  only  that  cell  type  in  appropriate  recipients.  This  is  being 
approached  by  testing  the  possible  lymphocyte-releasing  activity  of 
plasma  secured  from  rats  subjected  to  continuous  lymphocytapheresis  by 
thoracic  duct  cannulation. 

Preliminary  experiments  establish  the  plasma  LIF  to  be  heat-labile 
but  resistant  to  freezing.  Plasma  containing  the  LIF  shows  an  accentua¬ 
tion  of  the  y-globulin  band  in  the  paper  electrophoretic  system. 

It  is  possible  that  the  LlF  plays  a  part  in  the  normal  regulation  of 
leukocyte  release  from  the  blood-forming  organs  and  in  the  maintenance 
of  homeostatic  levels  of  leukocytes  in  the  various  body  compartments. 
There  is  need  for  more  information  regarding  its  precise  mode  of  action, 
site  of  formation,  and  chemical  nature.  Work  on  some  of  these  problems 
is  proceeding  in  our  laboratories. 

Summary 

Repeated  LAP  of  one  of  the  members  of  parabiotic  pairs  of  rats  re¬ 
sulted  in  significant  elevations  in  the  leukocyte  counts  of  the  other  non- 
LAP  partners.  Single  subcutaneous  injections  of  plasma  from  rats  sub¬ 
jected  to  repeated  LAP  by  an  abdominal  cavity  infusion  technique  caused 
significant  increases  in  the  leukocyte  counts  of  intact, adrenalectomized, 
and  hypophysectomized  rats.  Plasma  from  intact  rats  or  from  rats  sub¬ 
jected  to  sham  LAP  (abdominal  saline  infusions  given  but  leukocytes 
not  withdrawn)  displayed  no  leukocytosis- inducing  activity.  The  effects 
of  the  “LAP  plasma”  were  not  reproduced  by  injections  of  a  variety  of 
nonspecific  agents  that  might  conceivably  be  associated  with  the  stress 
of  LAP,  that  is,  adrenal  cortical  steroids  (prednisolone),  adrenaline, 
norepinephrine,  serotonin,  histamine,  and  pyrogen. 

The  LlF-containing  plasma  caused  large  decreases  in  the  granulocytic 
population  of  the  bone  marrow  as  well  as  marked  increases  in  the  rate  of 
leukocyte  release  from  isolated  perfused  legs  of  rats. 

Removal  of  the  adult  leukocyte  thus  appears  to  be  associated  with 
the  production  of  an  LIF  in  the  plasma,  suggesting  a  negative  feedback 
exerted  by  the  mature  leukocyte  on  leukocyte  release  from  the  blood- 
forming  organs  and  possibly  from  sites  of  storage  and  sequestration. 
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DIVISION  OF  INSTRUMENTATION 

THE  NECESSITY  OF  PHYSIOLOGICAL  MONITORING  IN  THE 
GENERAL  HOSPITAL* 

George  Radcliffe 

Office  of  Development,  Columbus  Hospital,  Newark,  N.J. 

We  who  comprise  the  Office  of  Development  of  the  Columbus  Hospital 
in  Newark  are  planning  a  new  hospital  there.  We  propose  to  tear  down 
evary  buildingon  the  property  except  one  to  make  room  for  it.  We  hope  that 
the  new  building,  when  completed,  will  be  a  model  for  all  general  hospit¬ 
als. 

We  have  a  double  goal:  to  provide  the  best  possible  patient  care  and  to 
arrest  the  spiraling  cost  of  hospital  expenses. 

We  are  not  building  a  medical  center  but  a  general  hospital.  Advanced 
research  belongs  in  the  medical  centers,  particularly  those  affiliated  with 
teaching  institutions.  However,  since  there  are  more  than  8000  general 
hospitals  in  the  United  States,  it  is  important  that  the  general  hospital  be 
made  as  efficient  as  possible. 

We  must  consider  the  quality  of  our  worit:  how  it  can  be  improved  and 
by  what  means.  There  is  the  matter  of  human  error  to  consider.  When  deal- 
with  people  whose  healdi  varies  in  degree  and  whose  tolerance  and  re¬ 
sistance  also  vary,  great  consideration  must  be  given  to  each  service 
performed  for  them.  There  is  the  administrative  problem  of  maintaining  an 
adequate  staff  and  of  maintaining  a  high  level  of  efficiency.  Finally,  there 
is  the  matter  of  cost. 

When  we  studied  our  present  program  we  found  that  our  nurses,  while 
devoted  to  their  profession,  had  so  many  monotonous  and  repetitive  but 
necessary  duties  to  perform  that  there  was  a  constant  posibility  of  human 
error.  While  a  nurse  may  be  relieved  of  making  beds,  rubbing  backs,  ser¬ 
ving  food,  and  many  other  seemingly  menial  chores,  it  is  necessary  for 
for  her  to  keep  the  patients  under  constant  surveillance  and,  most  impor¬ 
tant,  for  her  to  know  at  all  times  the  physiological  condition  of  her  pa- 
ients. 

This  requires,  during  the  period  of  intensive  care,  regular  and  constant 
monitoring,  fincipally  as  regards  blood  pressure  temperature,  pluse,  and 
respiration. 

We  decided  that,  if  a  patient  could  be  mechanically  or  electronically 
monitored,  several  things  might  be  accomplished:  first,  much  of  the  nurses' 
time  could  be  saved;  second,  errors  could  be  eliminated;  third,  the  re¬ 
petitive  and  monotonous  procedures  of  the  nurse  could  be  changed  to  such 
an  extent  that  nursing  would  become  more  attractive  as  a  profession. 

*This  paper,  lUustrated  with  alidea,  waa  preaented  at  a  Joint  meeting  of  the  Diviaion 
Old  the  Profeaaional  Group  on  Bio-Medicai  Electronica  on  October  11,  1960, 
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Electronic  monitoring  is  possible;  it  is  being  done  in  connection  with 
space-satellite  program.  If  monkeys  100  miles  in  the  air  can  be  monitored, 
diere  is  no  reason  why  patients  cannot  be  monitored  in  a  hospital  where  re¬ 
cords  are  taken  at  a  nursing  station  only  a  few  feet  distant. 

As  we  were  making  this  study  for  the  future  we  also  were  studying  our 
present  procedures  in  the  operating  rooms,  the  recovery  rooms,  and  in  the 
intensive  care  units. 

In  the  operating  room  the  anesthesiologist  constantly  monitors  the  pa¬ 
tient  and,  if  he  detects  a  physiological  change,  he  stops  the  surgeon  until 
corrective  steps  h  ave  been  taken.  The  efficiency  of  this  method  is  directly 
related  to  the  skill  of  the  person  in  charge  of  the  monitoring. 

It  was  found  that  many  times  patients  were  hemorrhaging,  and  that  de¬ 
tection  of  this  was  noted  at  a  quite  critical  point  in  the  operation.  An 
infallible,  early,  blood- pressure  recording  would  make  correction  possible 
before  the  critical  state  was  reached.  Here  is  an  important  use  for  elec¬ 
tronic  monitoring. 

We  have  studied  the  importance  of  devices  that  would  help  in  the  total 
operating  program  of  the  hospital.  These  include  communications,  closed 
circuit  telev’«ion,  computers,  and  automatic  drug  dispensing. 

We  corferivd  with  15  teams  representing  that  number  of  corporations. 
Only  tWv.  of  these  teams  had  physiological  monitoring  instruments  available, 
and  one  of  these  instruments  was  far  superior  to  tiie  other  in  design,  man- 
facture,  and  usability. 

Several  other  firms  were  developing  diagnostic  aides.  Descriptive  mat¬ 
erial  on  these  aides  was  given  to  members  of  our  medical  staff  for  evalu¬ 
ation. 

Four  firms  had  much  under  way  in  the  laboratory  but  were  by  no  means 
ready  for  the  actual  introduction  of  working  equipment.  We  received  con¬ 
fidential  summaries  from  several  companies  indicating  that  much  research 
was  being  done. 

Intensive  research  is  now  being  conducted  on  electronic  cardiac  pace¬ 
makers,  monitors,  and  defibrillators.  Hospitals  eagerly  await  the  results 
of  this  work,  for  the  value  of  such  equipment  is  great  Facilities  we  have 
now  are  clumsy,  space-comsuming  and,  therefore,  are  little  used. 

Several  companies  are  devoting  considerable  attention  to  negative-ion 
generators;  one  firm  is  developing  an  electronic  tonometer  for  use  in  ex¬ 
amining  the  eye  in  diagnosing  glaucoma. 

The  Cell  Counter 

One  company  has  introduced  an  optical  electronic  device  designed  for 
the  accurate  counting  of  red  and  white  blood  cells.  It  has  value  in  routine 
hospital  admissions,  diagnostic  determinations,  research  studies,  or  pro¬ 
cedures  calling  for  quantity  cell-counting.  It  is  considered  faster,  easier, 
and  more  accurate  than  conventional  methods. 

A  diluted  sample  is  placed  in  the  reservoir,  an  operating  lever  is 
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pressed  and,  within  6  sec.  and  continuing  for  about  ISsec.,  the  number  of 
blood  cells  per  cubic  millimeter  is  clearly  indicated  on  a  panel  meter.  The 
instrument  continuously  monitors  sample  fluid  flowing  through  an  inspect¬ 
ion  chamber. 

The  machine  samples  about  50  times  more  cells  than  is  possible  in  a 
manual  count,  thereby  eliminating  much  statistical  error,  for  inaccuracies 
due  to  fatigpe  on  the  part  of  the  operator  are  reduced. 

Much  work  is  being  done  in  image-intensifier  tubes  for  X-ray  applica¬ 
tion* 

Television  tape  recorders  that  will  record  and  preserve  a  patient’s 
fluoroscopic  examination,  with  his  medical  record,  are  available.  These 
tapes  will  be  of  great  value  for  presentation  at  medical  staff  conferences 
and  in  consultations.  Such  a  tape  will  allow  prdiminary  diagnosis  or  con¬ 
firmation  of  diagnosis  without  making  it  necessary  for  a  specialist  to  leave 
his  office. 

We  are  searching  for  a  pocket-sized,  lightwei^t,  two-way  communica¬ 
tions  system  so  we  may  eliminate  the  present  noisy,  inefficient  call  sys¬ 
tem,  but  none  is  practicable  at  this  time. 

Automatic  Dtai  Dispenser 

Another  device  that  is  needed  is  an  automatic  medication  dispenser. 
Much  time  is  lost  through  trips  to  the  pharmacy  for  ordinary  medications. 

A  mechanical  drug  dispenser  that  has  just  run  through  its  first  test 
in  the  hospital  and  is  now  bad{  in  the  factory  for  correction  and  improve¬ 
ment  may  well  meet  the  requirements.  This  machine  stocks  50  ordinary 
drugs  in  ample  quality.  To  meet  requirements  of  the  pharmacy  laws  it  de¬ 
livers  the  prescription  in  a  cardboard  box  with  plastic  sleeves  and  auto¬ 
matically  prints  the  name  of  the  patient,  the  name  of  the  doctor,  the  med¬ 
ication,  amount  and  time  of  administering,  and  the  date  of  delivery.  A  dup- 
icate  of  this  record  is  printed  on  a  roll  of  tape  that  can  be  fed  automatically 
into  a  computer  that  in  turn  can  be  used  on  both  the  parient’s  record  and 
the  patient’s  charge  sheet.  The  efficiency  and  economy  of  operation  are 
quite  evident. 

The  manufacturers  of  this  machine  have  indicated  that  it  will  save  $300 
per  bed  per  year.  The  unit  costs  $3000.  One  unit  for  each  50  patients 
therefore  would  save  $15,000  per  year;  with  400  beds  the  saving  would  be 
$120,000  per  year. 

We  plan  a  central  computer  serving  many  departments.  It  will  have  its 
traditional  job  of  handling  the  financial  and  statistical  data  but  will  also 
control  inventories  and  eliminate  the  costly,  inefficient  system  found  in 
many  hospitals. 

The  computer  will  tie  into  the  nursing  program  and,  especially,  into 
physiological  monitoring.  It  will  provide  the  attending  physician  with  a 
detailed  record  of  the  patient’s  progress  between  visits.  It  will  serve  as 
a  more  efficient  medical  record  than  ffie  bulky  folders  found  cramming 
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every  available  inch  of  storage  space  today.  This  will  give  a  doctor  an 
orientation  similar  to  that  which  the  investment  banker  derives  from  a 
monitoring  of  the  stock  exchange  trend  on  a  tape. 

We  divide  the  surgical  patient’s  stay  into  three  parts:  time  spent  (1) 
in  the  operating  room,  (2)  in  the  recovery  room  or  in  the  intensive  care 
unit, and  (3)  in  convalescence. 

(1)  We  can  attach  a  number  of  transducers  without  discomfort  to  the 
patient  being  prepared  for  surgery.  In  the  operating  room  the  transducer 
leads  are  connected  to  the  chief  monitoring  cables.  Recording  of  the  pa¬ 
tient’s  condition  begins  immediately.  We  can  secure  a  respiration  rate, 
respiration  flow,  ECG,  heart  sounds,  body  temperature  (rectal),  systolic 
blood  pressure,  and  external  temperature  (feet  and  hands). 

One  control  room  will  be  required  for  each  eigjht  operating  rooms,  with 
two  technicians  in  each  control  room.  The  vigilance  of  these  technicians 
will  supplement  the  monitoring  conducted  in  the  traditional  manner  in  the 
operating  room.  Adjustable  alarms  will  be  provided  for  high  and  low  limits 
on  each  of  the  variables.  These  signaling  devices  on  the  monitoring  equip¬ 
ment  will  more  speedily  call  attention  to  any  change  in  the  patient’s  con¬ 
dition. 

(2)  The  patient,  after  the  operation  and  still  equipped  with  the  trans¬ 
ducers,  is  taken  to  the  recovery  room  where,  on  the  wall  near  each  bed,  there 
will  be  an  outlet  permitting  the  recording  to  be  continued  throu^  a  direct 
line  to  the  nurses’  station. 

While  these  patients  are  in  the  recovery  room  the  nurses  must  be  con¬ 
stantly  alert  to  any  physiological  manifestation.  Lives  are  saved  here,  but 
a  person  making  a  good  recovery  should  not  be  disturbed.  Therefore  the 
monitoring  at  the  nurses’  station  will  eliminate  the  need  for  any  nurse  to 
weave  in  and  out  among  the  patients  taking  measurements  that  could  be 
disturbing  and  recovery-retarding.  At  the  same  time  it  would  serve  to  alert 
a  nurse  to  any  difficulty  experiences  by  a  patient;  and  attention  at  this 
point  could  well  mean  a  life  saved. 

The  person  under  intensive  care,  but  not  necessarily  a  surgical  patient, 
could  also  be  kept  under  constant  observation  through  such  a  device. 

One  of  the  companies  offering  this  equipment  has  indicated  in  its  liter¬ 
ature  some  economies  to  be  effected.  It  has  described  a  machine  that  ser¬ 
vices  12  patients  in  postoperative  recover  rooms  and  that  would  replace 
six  nurses  per  shift,  achieving  a  total  saving  of  $144,000  per  year. 

(3)  The  convalescing  patient  will  find  himself  in  a  new  hospital  with  a 
room  that  is  homelike,  that  does  not  smack  of  an  institution.  Here  the  pa¬ 
tient  will  be  receiving  visitors  and  looking  toward  early  release. 

Such  a  patient  cannot  be  rigged  with  numerous  transducers  or  with  a 
rectal  thermometer;  in  fact  constant  recording  is  not  a  matter  of  concern 
at  this  stage. 

A  patient  lying  in  a  comfortable  bed  in  a  well-appointed  room,  reason¬ 
ably  relaxed,  and  on  the  road  to  recovery,  cannot  be  burdened  with  some  of 
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the  transducers  that  have  been  sketched  for  us,  nor  can  the  hospital  have 
huge  so-called  recording  units  in  the  room.  Hospitals  are  trying  to  elimin¬ 
ate  portable  equipment  that  creates  problems  of  storage  and  accident.  A 
few  years  ago  equipment  for  administering  oxygen  was  wheeled  into  a  pa¬ 
tient’s  room.  The  unsightly  bottles  and  cumbersome  apparatus  left  little 
room  to  work  on  the  patient.  To  the  patient  the  appearance  of  such  equip¬ 
ment  was  often  frightening.  The  modern  hospital  has  piped-in  oxygen. 

This  same  thing  is  true  of  the  electronic  apparatus  used  in  patient  care. 

I  have  an  illustration  from  one  of  the  companies  showing  two  patients  in 
beds,  both  having  head  bands  and  nostril  tubes.  Under  the  beds  is  a  huge 
boxlike  affair  for  recording  their  conditions.  The  engineer  who  designed 
this  equipment  may  have  inmindthemonitoringof  acutely  ill  patients.  One 
of  the  patients,  however,  was  reading  a  book.  This  would  indicate  that  he 
was  convalescing.  Not  only  would  this  patient  experience  great  discom¬ 
fort  in  wearing  this  apparatus ,  but  he  would  be  retarded  in  his  recovery. 

It  is  necessary  for  a  nurse,  once  every  4  hours,  to  take  temperature, 
pressure,  and  pulse.  We  have  found  two  companies  that  have  equipment 
for  recording  such  data,  but  we  are  not  satisfied  with  the  present  trans¬ 
ducers  and  have  asked  for  improvements. 

The  nurse  takes  these  measurements  6  times  a  day  and,  in  recording 
them  on  the  chart,  takes  about  90  min.  widi  each  patient  We  have  asked 
these  companies  to  give  us  a  device  to  record  these  measurements  that  will 
use  three  transducers.  The  nurse  will  clamp  the  device  cm  the  patient’s 
arm  and  plug  one  end  in  the  wall  receptacle  connected  to  the  nurses’  sta¬ 
tion.  Instantaneously  the  measurements  will  be  recorded  at  the  nurses’ 
station.  The  adhesive-backed  record  will  then  be  attached  to  the  patient’s 
chart.  Here  we  have  again  eliminated  the  possibility  of  error  and  saved 
valuable  time* 

We  have  estimated  this  procedure  could  save  well  over  one  hour  of 
nursing  time  per  patient  per  day.  Multiply  this  400  patients  and,  in  the 
course  of  one  year,  we  shall  have  saved  146,000  hours  of  nursing  time. 
Each  nurse  works  2000  hours  per  year.  Including  salary  and  the  cost  at¬ 
tendant  upon  each  nurse,  it  is  estimated  that  the  hospital  expends  $8000 
per  nurse  per  year.  Therefore  if  we  save  146,000  hours  of  nursing  time, 
we  are  eliminating  the  need  for  73  nurses  and  saving  $584,000. 

We  plan  extensive  use  of  closed  circuit  television  for  visual  monitoring. 
Our  present  plan  calls  for  automatic  scanners  with  the  monitor  at  the 
nurses’  station.  These  will  be  very  effective  in  the  pediatric  department 
and  in  the  recovery  and  intensive  care  units.  We  have  encounted  some 
problems  here.  The  cameras  do  a  fine  job  during  the  daylight  hours  and 
while  the  lights  are  on,  but  we  must  also  keep  our  patient  under  obser- 
after  the  lights  are  out.  Since  a  number  of  companies  are  manufacturing 
television  units,  each  of  them  seek  a  solution  to  this  problem.  Most  have 
suggested  that  we  maintain  lights  in  excess  of  six  foot-candles.  While 
this  might  work  with  some  patients  there  are  others  who  cannot  rest  unless 
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they  are  in  almost  total  darkness.  Other  companies  have  suggested  strob¬ 
oscopic  ligjit.  We  feel  that  this  cannot  be  used  as  it  might  be  extremely 
disturbing  to  the  patients.  Still  other  firms  have  suggested  the  use  of  an 
extremely  low  light  below  six  foot-candles  and  the  use  of  cameras  equipped 
with  special  lenses.  However,  the  cost  factor  here  rises  so  sharply  that 
at  present  we  cannot  consider  them.  There  is  the  possibility  of  infrared 
light.  However,  because  this  is  in  the  experimental  stage  and  tubes  now 
cost  more  than  $1000  each,  we  do  not  feel  we  can  afford  to  underwrite 
what  is  still  a  research  project. 

Direct-Writing  Oscillograph 

Oscillography  has  long  been  an  important  engineering  tool;  however 
until  1956  its  use  was  quite  limited.  One  type,  the  moving  stylus,  using 
pen  and  ink  or  hot  wire,  was  limited  in  a  useful  range.  The  second  was 
the  photographic  type.  While  it  had  wide  use,  it  could  not  be  read  imme¬ 
diately.  The  tape  had  to  be  developed  in  the  dark  room. 

In  1956  a  direct-recording  oscillograph  was  developed  that  combined 
both  moving  stylus  and  photographic  types  witiiout  the  disadvantages  of 
either.  It  uses  light-beam  galvonometers,  a  high-intensity  mercury  arc 
lamp,  and  a  special  recording  paper  to  produce  instantly  readable  records. 

Because  of  its  convenience  and  its  immediate  read-out  feature  it  is 
being  used  in  all  phases  of  scientific,  military,  medical,  and  industrial 
endeavor. 

Critical  mysteries  of  tiie  heart  action  related  to  intracardiac  blood 
pressures  and  respiration  are  being  charted  at  the  Children’s  Hospital  in 
Fresno,  Calif.  This  oscillograph  is  used  as  a  cardiac  catherization  re¬ 
corder,  marking  an  event:  the  introduction  of  a  catheter  into  'he  heart  cham¬ 
ber.  A  series  of  traces  is  printed.  The  timing  trace  shows  timed  spikes 
spaced  one-tenth  second  apart.  A  pneumograph  trace  registers  the  rate  of 
the  patient.  Trace  3  is  an  ECG  channel.  Trace  4  is  a  phonocardiography 
trace  actuated  by  a  stethomicrophone  strapped  to  the  patient’s  chest. 
Traces  5,  7,  and  8  show  intracardiac  pressures  in  the  chambers  of  the 
heart.  Traces  6  and  9  are  static  reference  tracers. 

One  oscillograph  is  a  component  of  ENSCO’S  medical  instrumental. cn 
system  to  give  operating  room  personnel  a  continuous,  directly  recorded 
encephalogram,  electrocardiogram,  blood  oxygen  content  analysis,  and 
blood  pressure  traces. 

The  United  States  Public  Health  Service  in  Cincinnati,  Ohio,  is  mak¬ 
ing  a  study  of  the  determination  of  lung  functions  through  comparison  of 
lung  volumes,  respiratory  dead  space,  and  abnormalities  in  distribution 
of  inspired  gas  during  a  breath. 


Central  Nurses*  Console 

The  subject  inhales  a  single  maximal  breath  of  oxygen  and  then  ex- 
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hales  maximal  breath  while  a  nitrogen  meter  continuously  records  the 
nitrogen  concentration  during  the  chronology  of  the  exhalation. 

Nurse’s  Station  Console 

A  laboratory  drawing  of  this  console  indicates  a  multipaneled  scanner 
system  connected  to  the  captive  television  cameras  in  the  patient’s  room 
and  also  to  the  computer  that  would  flash  back  any  data  asked  of  it. 

Whenever  there  are  more  than  three  scanning  panels  it  is  important  that 
more  than  one  person,  nurse,  or  technician,  man  the  station. 

Since  this  is  becoming  standard  in  all  closed-circuit  televi^I.-jn  in¬ 
stallations,  it  requires  very  little  comment.  This  type  of  console  is  now 
in  use  in  our  experimental  program. 

Central  Data  Collection  Area 

This  proposed  central  panel  indicates  a  central  control  for  the  entire 
hospital.  There  are  far  too  many  scanning  plates  for  practical  use. 

Adequate  monitoring  at  the  nurses’  station  with  good  communication 
from  the  station  to  nursing  administration  is  all  that  is  required.  This  pro¬ 
posed  central  scanner  would  mean  a  duplication  of  work  and  would  increase 
the  personnel  required,  duplicate  a  service,  and  raise  costs. 

Multichannel  Temperature  Programmer 

This  is  a  highly  developed  piece  of  equipment  for  the  constant  record¬ 
ing  of  temperature.  It  is  equipped  to  take  24  temperature  measurements 
and  calibrate  them  to  give  a  reading  in  degrees  centigrade.  It  provides  a 
visual  or  printed  reading. 

Its  suggested  use  for  the  intensive  care  unit  in  the  hospital  is  sound 
except  for  the  fact  that  other  body  functions  should  be  recorded  at  the 
same  time.  Therefore,  it  is  considered  unlikely  that  the  hospital  would  be 
interested  in  having  several  systems  running  from  the  patient’s  bedside  to 
the  control  or  recording  station  and  having  a  space-consuming  number  of 
different  recorders. 

This  equipment  is  best  suited  to  the  research  laboratory,  not  the  general 
hospital. 


Birth-Interval  Timer 

This  instrument  is  excepticaially  valuable  in  the  obstetrical  department. 
It  furnishes  a  printed  record  of  the  time  between  birth  and  the  initiation 
of  breathing,  the  time  interval  between  birth  and  the  first  cry.  It  is  actu¬ 
ated  by  an  explosion-proof  foot  switch  located  under  the  delivery  room 
table.  It  is  pressed  when  the  baby  is  delivered,  when  it  starts  breathing, 
and  when  it  starts  crying.  The  resulting  time  intervals  are  printed  on  a 
roll  of  paper  tape  to  the  nearest  one  hundredth  of  one  minute. 

A  unit  permits  one  timing  printer  to  be  used  for  as  many  as  five  deliv- 
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ery  rooms,  although  only  one  delivery  room  can  use  it  at  one  time.  It  is 
seldom  that  birtii  takes  place  simultaneously  in  two  or  more  delivery  rooms, 
and  it  is  considered  that  only  a  fraction  of  the  data  will  be  missed  because 
of  simultaneous  need.  To  provide  overlapping,  the  machine  is  equipped 
with  an  automatic  reset  at  tfie  end  of  a  five-minute  interval.  An  identifi¬ 
cation  number  identifies  the  delivery  room. 

The  timer  is  designed  to  collect  data  on  time  intervals  during  which  a 
newly  delivered  baby  is  anoxic  after  birth.  The  information  is  collected 
so  that  it  can  be  correlated  with  other  data  in  the  medical  record  relating 
the  condition  of  tfie  mother  during  pregnancy,  the  type  of  analgesic  or 
anesthetic  used,  and  for  later  correlation  with  the  mental  and  physical 
condition  of  the  growing  child. 

Pressure  Transensor 

The  pressure  transensor,  an  ingestible  pressure-sensitive  telemetry 
capsule,  and  its  associated  receiver  are  based  on  the  design  developed 
by  The  Rockefeller  Institute,  New  York,  N.Y.  For  more  than  one  year,  an 
early  model  has  been  used  at  the  Veterans  Administration  Hospital  in  New 
York  for  original  investigations  on  the  motility  of  the  gastrointestinal 
tract. 

The  capsule  is  a  cylinder  approximately  26  mm.  in  length,  9  mm.  in 
diameter,  and  is  constructed  of  chemically  inert  epoxy  resin.  The  pres¬ 
sure-sensing  mechanism  is  a  miniature  nickel  bellows.  Pressure  acting 
against  the  bellows  causes  it  to  change  the  indicator  of  an  internal  bat¬ 
tery-powered  transistor  oscillator.  The  change  in  inductance  modulates 
the  frequency  of  oscillation.  The  signal  is  recorded  on  a  standard  oscill¬ 
ograph. 

The  capsule  is  easily  swallowed  and  permits  a  study  of  intraluminal 
pressures  to  be  made  without  the  use  of  connecting  wires.  Long-term 
studies  are  possible,  as  the  transmitter  remains  active  for  a  minimum  d 
three  to  five  days.  Little  or  no  psychological  stress  is  imposed  upon  the 
subject,  who  suffers  no  discomfort  or  awareness  of  the  capsule. 

The  monitoring  devices  discussed  here  are  not  developed  with  the  in¬ 
tention  of  replacing  the  doctor’s  personal  evaluation  of  his  patient.  When 
he  is  with  his  patient  he  will  feel  the  pulse,  take  the  temperature  in  the 
traditional  manner  (although  he  may  use  an  electric  thermometer),  and  will 
take  blood  pressure,  although  he  may  use  a  finger  cuff  instead  of  the  bulky 
wrap-around  device  he  now  uses.  However  he  will  know  that  all  record¬ 
ings  taken  in  his  absence  were  standardized,  and  they  will  help  him  in  the 
evaluation  of  his  patient. 

Our  greatest  hope  is  in  the  young  men  now  in  medical  school  and  in 
those  who  have  graduated  during  the  past  few  years.  These  younger  men 
have  been  conditioned  to  modern  scientific  devices  and  will  use  them. 

In  conclusion,  work  now  being  done  in  laboratories  may  have  life-sav¬ 
ing  potentialities  now  beyond  the  imagination. 


DIVISION  OF  ANTHROPOLOGY 


ADAPTATION  IN  BIOLOGICAL  AND  CULTURAL  SCIENCE  * 
Marvin  Harris 

Department  of  Anthropology,  Columbia  University,  New  York,  N.  Y, 

The  concept  of  adaptation  is  fundamental  to  much  of  contemporary  bio¬ 
logical  thought.  According  to  Simpson  (1953),  "Adaptation  is  intimately 
involved  in  almost  all  evolutionary  processes."  The  term  is  now  also 
being  employed  widely  among  anthropologists,  especially  in  relationship 
to  cultural  change  and  cultural  evolution.  According  to  Julian  Steward 
(1955),  "...the  concept  of  environmental  adaptation  underlies  all  cultural 
ecology...."  For  Radcliffe-Browne  (1952),  "The  theory  of  social  evolu¬ 
tion.. .makes  it  a  part  of  our  sdieme  of  interpretation  of  social  systems 
to  examine  any  given  system  as  an  adaptational  system."  According  to 
G.  P.  Murdock  (1956),  "The  net  effect  of  the  various  processes  of  cul¬ 
tural  change  is  to  adapt  the  collective  habits  of  human  societies  pro¬ 
gressively  over  time  to  die  changing  conditions  of  existance."  In  the  new 
edition  of  their  textbook,  R.  Beals  andll.  Hoijer(1959)  leanheavily  on  the 
proposition  that  culture  is  "an  adaptive  mechanism,"  while  in  a  new  text 
by  J.  Honigmann  (1959),  "adaptation,  adjustment  and  stress"  are  "cul¬ 
tural  functions". .."broad  enough  to  include  all  others."  Goldschmidt 
(1959)  has  recently  given  great  prominence  to  such  terms  as  "fitness" 
and  "adjustment,"  which  he  seems  to  equate  with  "adaptive  changes" 
and  "adaptive  patterns."  Meanwhile  a  number  of  younger  anthropologists 
are  attacking  such  problems  as  the  potlatch  (Suttles,  1959)  and  warfare 
(Vayda,  in  press)  by  use  of  the  same  concept. 

Some  of  these  anthropologists  supply  a  definition  of  adaptation;  far 
more  commonly,  no  definitions  are  attempted,  apparently  because  it  is 
felt  that  the  prominence  of  the  concept  in  biology  makes  its  meaning  self- 
evident.  However,  according  to  Lewontin  (1957),  "There  is  virtually  un¬ 
iversal  disagreement  among  students  of  evolution  as  to  the  meaning  of 
adaptation  and  according  to  G.  Simpson  (1953),  "the  subject  is  so  intric¬ 
ate  that... no  more  than  a  very  general  and  summary  statement  can  be  at¬ 
tempted." 

After  stressing  the  difficulties  biologists  experience  with  this  concept, 
the  authors  of  a  recent  and  representative  biology  textbook  supply  the 
following  definition:  "An  adaptation  is  an  aspect  of  the  organism  that 
promotes  its  general  welfare,  or  the  welfare  of  the  species  to  which  it 
belongs  in  the  environment  it  usually  inhabits."  (Simpson  et  at,  1957). 

*  Thiipapsr  wav  presented  at  a  meeting  of  the  Division  on  October  24,  1960. 

The  Division  of  Engineering  held  a  meeting  on  October  21,  1960.  The  paper  presented, 
"Vertical  Takeoff  and  Landing  (VTOL)  Rotorless  Aircraft  with  Inherent  Stability'*  by 
I.  B.  Laskowitz,  has  been  accorded  die  D.  B.  Steinman  Award  In  Structural  Engineering 
for  1960  and  will  appear  In  the  Amals  ol  The  New  York  Academy  of  Sciences. 
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This  explanation  is  followed  by  an  attempt  to  define  welfare  as  “success 
in  obtaining  food,  avoiding  predators,  and  generally  surviving  and  satis¬ 
fying  the  individual’s  whole  range  of  biological  needs,  group  reproduction 
and  maintenance  or  increase  in  population”  (Simpson,  et  al,  1959). 

It  is  remarkable  that,  as  defined  above,  the  concept  of  adaptation  can¬ 
not  be  distinguished  from  the  concept  of  function  as  used  in  the  social 
sciences.  The  mention  of  “needs”  brings  to  mind  most  aptly  Malinowski’s 
insistence that“function  cannot  be  defined  in  any  other  way  then  the  sat¬ 
isfaction  of  a  need  by  an  activity”  (1944),  yet  almost  every  kind  of  func¬ 
tionalist  will  find  something  familiar  here.  This  equivalence  between 
function  and  adaptation  is  made  explicit  by  Merton  (1957)  who  uses  one 
term  to  define  the  other:  “functions  are  those  observed  consequences 
which  make  for  the  adaption  or  adjustment  of  a  given  system.”  Kluckhuhn 
(1944)  takes  a  similar  position:  “a  given  bit  of  culture  is  'functional’  in 
so  far  as  it  defines  a  mode  of  response  which  is  adaptive  from  the  stand¬ 
point  of  the  society  and  adjustive  from  the  standpoint  of  the  individual.” 

The  apparent  equivalence  of  a  functional  trait  in  anthropology  and  an 
adaptive  trait  in  biology  deserves  notice  because  the  concept  of  func¬ 
tion  is  not  suited  to  the  explanation  of  either  cultural  or  biological  evolu¬ 
tion.  Nevertheless  the  term  adaptive  is  usually  employed  in  both  disci¬ 
plines  in  relationship  to  evolutionary  problems.  The  inadequacy  of  func¬ 
tional  analyses  for  an  understanding  of  evolutionary  processes  may  be 
stated  in  a  fashion  from  which  both  the  biological  cultural  applications 
flow  as  subcases. 

Evolutionary  studies  of  biological  organisms  and  sociocultural  systems 
have  as  their  common  objective  the  discovery  of  the  rules  that  govern  the 
changes  of  organismic  systems.  Variations  are  constantly  being  intro¬ 
duced  into  the  repertory  of  traits  charac*  eristic  of  a  given  population  of 
biomorphs  or  into  specific  society  and  i..:.  culture.  Biomorphic  variations 
result  from  genetic  mutations,  chromosomal  novelties,  and  new  combin¬ 
ations  of  old  genetic  materials.  Cultural  variations  consist  of  individual 
deviations  away  from  the  ancestral  norms  of  behavior.  In  both  cases  some 
of  these  variations,  regardless  of  the  processes  by  which  they  are  gener¬ 
ated  (and  are  in  any  event  poorly  understood),  enjoy  markedly  different 
fates.  Some  biological  variations  are  evanescent,  being  confined  to  only 
a  few  individuals  for  only  generations,  while  others  spread  to  many  indi¬ 
viduals,  persist  across  many  generations,  and  are  recognized  as  the  hall¬ 
marks  of  significant  transformations.  Similarly,  some  behavioral  variations 
are  confined  to  specific  moments  in  the  liv;>s  of  specific  human  beings 
in  a  given  society  while  others  spread  from  individual  to  individual,  per¬ 
sist  across  the  generations,  and  demand  recognition  as  the  hallmarks  of 
new  cultural  forms. 

What  contribution  can  functional  analysis  make  to  an  understanding  of 
the  differential  fate  of  cultural  or  biological  variations?  Countless  studies 
of  extant  sociocultural  systems  and  bio-organisms  have  been  made  to  dis- 


1 


THE  NEW  YORK  ACADEMY  OF  SCIENCES 


61 


cover  the  functional  status  of  sociocultural  and  biotnorphic  structures.  In 
both  realms  the  results  of  these  studies  indicate  that  bio-organisms  and 
sociocultural  systems  are  largely  if  not  exclusively  composed  of  pos- 
itive-functionerl  that  is,  useful  traits.  Thus  it  is  clear  that  in  so  far  as 
we  are  actually  dealing  with  viable  organismic  systems  in  both  the  organ¬ 
ic  and  superorganic  realms,  useful  variations  have  a  greater  probability 
of  becoming  part  of  the  cultural  and  biomorphic  repertories  than  neutral 
and  “useless"  variations.  This  conclusion,  however,  leaves  two  funda¬ 
mental  problems  unsolved. 

First,  why  do  most  biomorphs  and  sociocultural  systems  consist  large¬ 
ly  of  useful  traits?  Why,  in  other  words,  are  not  all  combinations  of  use¬ 
ful,  useless,  and  neutral-functioned  traits  equally  probable  in  the  realm 
of  biological  and  cultural  systems? 

Second,  if  it  is  true  than  any  sample  of  biomorphs  or  sociocultural  sys¬ 
tems  consists  largely  of  useful  traits,  then  it  follows  that  during  the 
course  of  biological  and  cultural  evolution  the  majority  of  old  traits  trans¬ 
formed  into  new  traits  or  the  majority  of  old  traits  replaced  by  new  traits 
must  also  have  been  useful  structures.  Furthermore,  if  this  is  true,  then 
the  explanatory  value  of  the  empirical  rule  that  useful  variations  have  a 
higher  probability  of  becoming  part  of  the  biomorphic  or  sociocultural  re¬ 
pertory  is  reduced  to  virtual  insignificance.  Thus  we  might  satisfactorily 
explain  why  a  three-legged  mutant  dog  with  a  blocked  trachea  would  not 
be  established  as  an  eme^ent  form.  Similarly,  we  could  explain  why  a 
taboo  on  all  drinking  and  eating  would  not  have  a  good  chance  of  becoming 
established  as  part  of  any  viable  culture.  However,  what  about  the  trans¬ 
formations  undergone  by  gills,  quadrupedal  locomotion,  blow-guns,  sibs, 
and  countless  other  eminently  useful  biological  and  cultural  traits?  The 
spectacle  offered  by  both  biological  and  cultural  evolutionary  sequences 
is  rarely  a  question  of  the  useful  versus  the  useless.  It  is  an  immensely 
more  subtle  affair.  The  selective  principles  that  govern  the  destiny  of 
variations  in  both  realms  not  only  descri^minate  in  favor  of  useful  traits 
over  those  that  are  neutral  and  negative  functioned,  but  there  is  also 
massive  discrimination  among  the  useful  traits  themselves. 

Astonishment  must  be  registered,  therefore,  when  inspection  of  the 
modern  biological  literature  reveals  numerous  biologists  who  appear  to  be 
equipped  with  nothing  more  than  the  functionalist  premises  thinly  dis¬ 
guised  by  the  alias  “adaptation,”  but  who  seem  nevertheless  to  be  labor¬ 
ing  under  the  impression  that  they  are  explaining  the  course  of  bioevolu¬ 
tion.  Paleontologists  are  just  about  as  busy  in  the  attempt  to  discover  the 
use  of  traits  of  extinct  biomorphs  as  the  anthropological  functionalists 
areintryingtodiscovertheusefulnessof  contemporary  sociocultural  traits. 
For  example,  in  arguing  that  all  structures  probably  have  “adaptive  val¬ 
ue  "Simpson  (1953)  cites  the  case  of  the  dorsal  fins  that  developed  inde¬ 
pendently  in  several  lines  of  Permian  rqjtiles.  These  structures  had  long 
puzzled  biologists  because  they  had  had  no  apparent  use.  Recently  how- 
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ever,  it  has  been  suggested  that  the  fins  have  “just  the  size  and  other 
relationships  which  would  be  expected  if  they  were  body-heat  regulating 
mechanisms."  Simpson  uses  the  example  and  others  like  it  to  show  how 
fallible  are  our  decisions  “that  a  character  has  no  adaptive  significance 
because  we  do  not  know  the  use  of  it. ” 

In  this  example  the  meaning  of  adaptation  is  precisely  equivalent  to  the 
meaning  of  positive  function  and  hence  does  not  begin  to  explain  why  the 
trait  in  question  evolved.  Nevertheless,  paradoxically,  biologists  have  in 
their  possession  a  theory  that  not  only  explains  why  the  bulk  of  a  bio¬ 
form’s  structure  must  have  useful  functions,  but  also  why  certain  useful 
traits  replace  other  useful  traits.  This  theory- natural  selection- states 
the  lawful  limitation  that  controls  the  direction  of  transformation  of  all 
biofoims  regardless  of  the  origin  of  given  variations.  By  means  of  the 
theory  it  is  possible  to  impart  to  the  meaning  adaptation  a  significance 
“■ir  beyond  that  of  the  vapid  and  futile  functionalist  platitude  to  which  it 
is  usually  restricted  by  both  anthropologists  and  biologists. 

The  theory  of  natural  selection  predicts  that  the  variations  that  tend 
to  become  part  of  the  biomorphic  inventory  are  those  that  increase  the  re¬ 
productive  success  of  that  biomorph  relative  to  a  specific  environment. 
It  would  be  convenient  to  have  a  term  for  those  aspects  of  the  biomorphic 
inventory  that  have  become  part  of  an  organism’s  repertory  in  conformity 
with  the  predictions  of  the  theory  of  natural  selection.  I  suggest  that  adap¬ 
tive  trait  is  a  good  term  for  this  class  of  phenomenon.  This  suggestion 
has  previously  been  entertained  by  Simpson  (1958)  but  rejected  for  rea¬ 
sons  that  seem  ill-advised:  “It  might  be  suitable  to  redefine  adaptation 
as.. .reproductive  success,  but  some  confusion  might  arise  from  the  fact 
that  most  of  the  characteristics  generally  considered  adaptive  seem  to 
have  little  or  nothing  to  do  with  populations  reproduction  per  se.’’ 

It  is  clear  that,  despite  the  actual  terminological  practice,  it  is  pos¬ 
sible  to  distinguish  two  kinds  of  useful  traits  in  biology:  one  kind  is  use¬ 
ful  to  the  organism  in  a  very  general  sense  of  individual  survival  and  wel¬ 
fare;  the  other  is  useful  to  organism’s  breading  population  in  the  very 
narrow  sense  of  reproductive  success  with  which  the  principle  of  natural 
selection  is  concerned.  The  term  adaptive  usually  covers  the  former  mean¬ 
ing,  although  a  considerable  amount  of  ambiguity  provails  since  lament¬ 
ably,  no  special  term  is  employed  to  designate  the  latter.  I  suspect  that 
this  terminological  lacuna  arises  from  the  prevailingconviction  that  all  bio¬ 
logical  traits  that  perdure  for  any  length  of  time  are  at  some  point  in  their 
careers  incorporated  through  natural  selection.  Thus  there  is  some  theo¬ 
retical  basis  in  biology  for  regarding  every  useful  trait  as  one  that  has 
arisen  in  conformity  with  the  principle  of  natural  selection.  It  frequently 
seems  to  be  forgotten,  however,  that  to  invoke  the  theory  of  natural  sel¬ 
ection  for  the  explanation  of  a  particular  trait  is  to  pose  a  concrete  empir¬ 
ical  problem:  namely,  that  of  furnishing  evid-rice  sufficient  to  prove  that 
the  particular  trait  did  in  fact  become  established  due  to  its  contribution 
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to  reproductive  success.  Hence,  despite  the  high  probability  that  a  part¬ 
icular  useful  trait  was  added  to  a  bioform’s  repertory  in  conformity  with 
theselective  law,  a  serious  ambiguity  remains;  the  conformity  in  question 
has  actually  been  demonstrated  in  some  cases,  while  in  other  cases  (the 
overwhelming  majority),  the  conformity  is  gratuitously  assumed.  At  least 
three  meanings  of  adaptation  are  therefore  to  be  found  ambiguously  scram¬ 
bled  in  the  biological  literature:  (1)  a  useful  trait,  (2)  a  useful  trait  that 
presumptively  conforms  to  thetheoryof  natural  selection,  and  (3)  a  useful 
trait  that  demonstrably  conforms  to  the  theory  of  natural  sdection. 

It  is  important  to  grasp  firmly  the  fact  that  of  these  three  meanings 
the  only  one  that  can  legitimately  be  transferred  from  biology  is  the  first 
“a  useful  trait”  (for  a  sociocultural  system).  The  other  two  are  applic¬ 
able  to  cultural  phenomena  only  in  a  very  restricted  sense.  The  major  pro¬ 
blems  of  both  cultural  and  biological  evolution  can  be  stated,  as  has 
been  shown,  in  very  similar  fashion.  However,  despite  the  many  analogies 
between  these  two  types  of  organismic  systems,  natural  selection  is  a 
powerful  explanatory  device  in  one  case  but  not  in  the  other.  The  reasons 
for  this  should  be  made  clear  in  order  to  avoid  misuse  of  the  term  adapt¬ 
ation  in  cultural  contexts. 

Since  natural  selection. ..‘‘favors  reproductive  success  and  nothing 
else”  (Simpson,  1958),  the  most  important  step  in  applying  the  theory  to 
cultural  phenomena  is  the  identification  of  the  cultural  analogue  of  bio¬ 
logical  reproduction.  Three  processes  present  themselves  as  candidates: 
(1)  the  reproduction  of  the  human  culture  carriers,  (2)  the  duplication  of 
cultural  traits  across  the  generations,  and  (3)  the  process  of  fissioning  or 
colonization. 

In  the  first  case,  we  should  be  obliged  to  suppose  that  traits  become 
established  within  a  given  society  in  accordance  with  the  differential  rate 
of  reproduction  of  the  individuals  who  have  learned  them.  This  would 
mean  that  the  learning  of  innovations  would  be  largely  confined  to  persons 
who  are  biological  kinsmen  of  the  innovator.  We  know,  however,  that 
this  is  not  the  case  and  that  cultural  innovations  are  perfectly  capable 
of  rapid  dissemination  among  biologically  unrelated  individuals.  In  the 
second  case,  we  should  suppose  that  the  innovations  themselves  are 
duplicated  at  differing  rates.  This  of  course  is  true,  but  natural  selection 
applied  here  would  simply  invoke  tautology.  The  question  is:  Why  do 
some  innovations  persist  and  others  disappear?  Hence  the  answer  can¬ 
not  be  ‘‘because  some  persist  and  others  disappear.”  In  the  third  case, 
we  should  have  an  excellent  analogue  to  biological  reproduction.  Here 
a  segment  of  a  parent  body  detaches  itself  and  grows  into  an  approximate 
facsimile  of  the  parental  model.  It  is  obvious,  however,  the  differential 
rates  of  fission  or  colonization  are  responsible  for  only  a  small  percent¬ 
age  of  cultural  transformations.  Through  diffusion,  traits  are  exchanged 
among  ‘‘phylogenetically”  unrelated  cultures;  moreover,  the  parent  soci¬ 
ety  frequently  evolves  just  as  rapidly  as  the  groups  that  have  budded 
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from  it. 

It  ought  not  to  be  concluded  that  the  cultural  analogue  to  natural  sel¬ 
ection  has  played  no  role  at  all  in  cultural  evolution.  Differential  repro¬ 
duction  of  individuals  and  differential  rate  of  fissioning  of  groups  were 
probably  more  critical  in  the  lower  paleolithic  than  they  are  today.  Such 
inventions  as  the  first  tools,  paleo language,  fire,  and  perhaps  some  form 
of  group  exogamy,  may  have  been  genuine  “adaptive”  traits  in  the  sense 
that  the  social  groups  that  lacked  them  died  off,  while  those  that  had 
them  fissioned  into  new  groups  at  a  rapid  rate.  This  view  would  be  strength¬ 
ened  if  it  could  be  shown  that  the  paleolithic  groups  were  not  uniformly 
endowed  with  genetically  determined  learning  abilities.  Under  such  con¬ 
ditions,  cultural  and  biological  evolution  would  proceed  hand  in  hand, 
with  natural  selection  governing  the  direction  of  both  by  rapidly  elimin¬ 
ating  those  proto  human,  proto  cultural  societies  that  were  constitution¬ 
ally  incapable  of  learning  the  basic  inventory  of  cultural  life.  However, 
the  net  result  of  this  phase  of  cultural  evolution  is  now  well  known:  the 
genetically  determined  learning  abilities  became  uniform  for  all  of  the 
varieties  of  man,  thereby  elevating  diffusion  (or  acculturation)  and  par¬ 
allel  independent  invention  to  the  supreme  role  in  shaping  the  course  of 
cultural  evolution,  while  differential  reproduction,  fission,  and  coloni¬ 
zation  were  relegated  to  virtual  insignificance.  It  may  be  concluded  there¬ 
fore,  that  whatever  adaptation  may  mean  in  sociocultural  contexts,  it  can 
not  mean  the  same  thing  as  it  does  in  biological  contexts  unless,  of  course, 
the  meaning  in  both  anthropology  and  biology  is  restricted  to  that  of  a 
trait  having  useful  functions. 
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DIVISION  or  MICROBIOLOGY 


PHOTODYNAMIC  INACTIVATION  OF  VIRUSES* 

C.  W.  Hiatt 

Division  of  Biologies  Standards,  National  Institutes  of  Health 
Bethesda,  Md, 


Introduction 

Photodynamic  action  is  defined i  as  the  photosensitization  of  a  bio¬ 
logical  system  by  a  “substance  which  serves  as  a  light  absorber  for 
pbotochemical  reactions  in  which  molecular  oxygen  takes  part."  Since 
its  first  description  in  1900  by  Raab,2  the  phenomenon  has  received  the 
attention  of  many  investigators,  some  were  concerned  only  with  theoret¬ 
ical  aspects;  others  interested  in  applications. 

The  wide  variety  of  biological  substances  that  can  be  sensitized  for 
photodynamic  action  is  emphasized  by  Fowlks  in  a  recent  review.  3  De¬ 
structive  effects  upon  amino  acids,  proteins,  nucleic  acids,  plant  and 
animal  viruses,  bacteria,  red  blood  cells,  and  multi-cellular  organisms 
have  been  described.  Although  all  of  these  reactions  have  some  features 
in  common,  it  is  clear  from  the  diversity  of  substrates  that  the  photo¬ 
dynamic  effect  includes  a  class  of  reaction  mechanisms  rather  than  a 
single,  well-defined  process. 

In  the  present  discussion  we  are  concerned  with  the  inactivation  of 
bacterial  and  animal  viruses  by  the  photodynamic  action  of  various  dyes 
and  visible  light.  This  topic  is  of  special  interest  at  the  present  time 
because  of  a  possible  application  of  photodynamic  action  to  the  selec¬ 
tive  destruction  of  adventitious  viruses  in  live  attenuated  poliovirus 
vaccine.  Aside  from  the  practical  aspect  of  the  subject,  there  is  ground 
for  interest  in  photodynamic  inactivation  data  as  a  valuable  source  of  in¬ 
formation  about  viral  composition  and  structure. 

Reaction  Mechanisms 

According  to  a  modification <  of  the  hypothetical  reaction  scheme  of 
Heinmets  et  al.,^  the  dye  first  combines  at  critical  sites  in  the  virus 
particle  to  yield  a  dye-virus  complex: 

D+  +  V-^D.V  (1) 

that  is  excited  by  absorbing  one  photon  of  light  energy  during  irradiation: 

D-F  +  hv  — >(D.V)\  (2) 

*Thi8  pifser*  illustrated  with  slides*  was  presented  at  a  meeting  of  the  Division  on 
October  28,  1960. 
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The  excited  complex  then  combines  with  oxygen  in  a  reaction  that  re¬ 
sults  in  the  loss  of  infectivity: 

O2 

(D.vf - ►  D.7‘  (3) 

the  complex  containing  inactivated  virus  (V^)  remaining  in  equilibrium 
with  unbound  dye: 


D-V^^D  +  (4) 

Kinetic  Studies 

For  most  of  the  systems  studied,  the  rate  of  reaction  is  controlled  by 
photochemical  step  2  in  the  proposed  reaction  scheme.  Within  the  usual 
experimental  limits  this  phase  of  the  reaction  follows  the  “reciprocity 
law,”  and  the  survival  ratio  (^)  is  approximately  first-order  with  re¬ 
spect  to  the  product  of  intensity  and  time: 


/Vo 


^-klt 


(5) 


The  velocity  constant  k  depends  upon  identity  of  the  virus  and  dye,  dye 
concentration,  pH  of  the  solution,  and  wave  length  of  the  light,  as  well 
as  upon  other  special  circumstances  that  may  affect  the  reaction. 

The  simple  irradiation  apparatus  used  for  many  of  the  kinetic  studies 
to  be  described  is  shown  schematically  in  figure  1.  Stoppered  glass 
test  tubes  containing  virus  suspension  and  dye  are  interposed  between 
the  Photoflood  lamps  for  timed  periods  of  irradiation  at  constant  inten¬ 
sity.  Earlier  apparatus  used  for  this  purpose  included  a  means  of  stirring 
the  liqu.**  continuously  during  irradiation  to  insure  uniform  distribution 
of  light.  This  was  probably  an  unnecessary  embellishment,  since  it  may 
be  shown  that  liquid  layers  with  light  transmittances  greater  than  85  per 
cent  in  the  range  o(  the  action  spectrum  do  not  require  mixing  to  effect 
adequate  light  distribution. 

The  dyes  employed  in  this  study  were  toluidine  blue,  neutral  red,  and 
proflavine,  members  respectively  of  the  thiazine,  phenazine  and  acridine 
series.  Each  of  these  is  a  heterotricyclic  compound,  basic  in  character, 
with  amino  groups  or  substituted  amino  groups  in  the  2,8  or  3,7  positions 
(figure  2)  and  has  a  high  extinction  coefficient  over  a  narrow  wave¬ 
length  range  in  the  visible  region.  The  photodynamic  activity  of  this 
type  of  compound  was  noted  by  Herzberg  in  1933*  and  more  recently  dis¬ 
cussed  in  detail  by  Yamamoto.’’® 

Precise  action  spectra  for  these  dyes  in  virucidal  photodynamic 
action  have  not  been  obtained,  but  there  is  probably  a  close  resemblance 
between  the  action  spectrum  and  the  absorption  spectrum  for  visible 
light.  By  interposing  solutions  of  the  dye  between  the  light  source  and 
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Figure  1.  Apparatus  for  irradiating  small  volumes  of  liquids.  Test  tubes 
containing  the  samples  are  held  in  a  glass  water  bath  interposed  between  two 
General  Electric  RFL-2  Photoflood  lamps  operated  at  100  v. 


Figure  2.  Structural  formulas  and  visible  light  absorption  spectra  for  three 
photodynamlcally  active  dyes.  The  structures  shown  are  possible  resonance 
forms  of  the  compounds. 
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the  irradiated  sample,  Perdrau  and  Todd®  showed  that  the  action  spec¬ 
trum  was  included  within  the  absorption  spectrum  for  toluidine  blue. 

Incandescent  filament  lamps  are  desirable  light  sources  for  experi¬ 
ments  in  which  various  dyes  are  used  because  they  provide  a  continuous 
emission  spectrum.  Since  only  a  small  portion  (usually  less  than  10  per 
cent)  of  the  energy  emitted  is  useful  for  photodynamic  action,  the  effi¬ 
ciency  of  this  type  of  lamp  for  this  application  is  not  great  however,  and 
provisions  must  be  made  for  the  disposal  of  a  considerable  amount  of 
heat. 


Shape  of  Survival  Curves 

An  interesting  variety  of  survival  curves  has  been  encountered  in 
studying  the  kinetics  of  inactivation  of  T3  and  T2r*  coliphages.  As 
shown  in  figure  3,  the  semilogarithmic  survival  plot  may  assume  any 
of  three  characteristic  shapes.  T3  coliphage  sensitized  with  toluidine 
blue  undergoes  a  brief  but  distinct  induction  period  upon  exposure  to 
visible  light  and  thereafter  follows  essentially  an  exponential  decline.*® 
Sensitization  of  this  phage  with  toluidine  blue  prior  to  irradiation  is  a 
rapid  and  readily  reversible  reaction,  indicating  that  the  dye  has  un¬ 
restricted  access  to  the  critical  portion  of  the  phage  particle. 

The  sensitization  of  T2r*  coliphage  with  the  same  dye  proceeds  at  a 
slow  rate  and  is  highly  dependent  upon  temperature.  *  *  Irradiation  of 

EXPOSURE  (Min.) 
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Figure  3,  Survival  curves  for  coliphages  subjected  to  photodynamic  actioa 
a.  r3  sensitized  with  toluidine  blue  (6  jtg./ml.).  b.  T2t'^  sensitized  by  varying 
periods  of  contact  with  toluidine  blue  (6  j/g./mL)  at  4°  C.  c.  T2t*  sensitized  by 
varying  periods  of  contact  with  proflavine  (4  fjg./ml.)  at  10® C. 
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preparations  of  this  phage  sensitized  to  various  degrees  with  toluidine 
blue  provides  the  family  of  survival  curves  shown  in  figure  36.  There 
is  no  induction  period,  but  there  is  a  gradual  decrease  in  inactivation 
rate  as  the  irradiation  proceeds.  These  curves  become  straight  lines  of 
the  same  slope  when  probit  ^  plotted  against  log  (It). 

The  photodynamic  inactiv'ation  of  T2r*  coliphage  with  proflavine*^ 
leads  to  a  third  type  of  survival  curve,  as  shown  in  figure  3c.  The 
degree  of  sensitization  influences  the  shape  as  well  as  the  slope  of  the 
survival  curve.  The  probable  explanation  of  this  behavior  is  that  the 
combination  of  dye  with  phage,  although  slow,  proceeds  rapidly  enough 
in  comparison  with  the  photochemical  step  of  the  reaction  so  that  the 
phage  increases  in  sensitivity  during  i—adiation.  The  kinetic  equation 
derived  for  this  set  of  conditions*^  is: 


No  ~  2 


(6) 


in  which  the  partial  velocity  constant  a  is  a  measure  of  the  photosensi* 
tivity  of  the  phage  at  the  beginning  of  the  irradiation,  and  6  is  the  rate 
of  increase  in  photosensitivity  during  the  irradiation.  When  maximally 
sensitized,  the  virus  is  inactivated  at  essentially  an  exponential  rate 
and  the  survival  curve  is  a  straight  line  in  a  semilogarithmic  plot.  It  is 
interesting  that  the  aggregate  reaction  fails  to  obey  the  “reciprocity 
law"  and  also  exhibits  a  temperature  dependence  atypical  of  photochem¬ 
ical  reactions.  These  apparent  violations  of  two  of  the  basic  tenets  of 
photochemistry  are  easily  dismissed  when  the  reaction  is  examined  in 
detail. 

The  expectation  that  mechanistic  factors,  rather  than  biological  het¬ 
erogeneity,  will  account  for  the  characteristic  shapes  of  the  other  curves 
has  made  it  advisable  to  defer  any  generalized  explanation  of  these 
curve  shapes  until  more  information  is  available.  A  preliminary  conclu¬ 
sion  that  may  be  drawn  from  the  T2r'*'  —  toluidine  blue  data,  however,  is 
that  the  dark  reaction  of  dye  with  virus  introduces  no  heterogeneity. 
This  conclusion  follows  from  the  observation  that  survival  curves  for  the 
varying  states  of  sensitivity  are  truly  a  family  of  curves  and  may  be 
brought  to  the  same  locus  by  choosing  a  proper  scaling  factor  for  the 
abscissa. 

Permeation  of  Viruses  with  Dye 

It  has  been  suggested  that  the  slow  and  temperature-dependent  sensi¬ 
tization  of  T2t*  coliphage  illustrates  the  presence  of  a  functional  mem¬ 
brane  with  selective  permeability.**  Further  evidence  to  support  this 
concept  is  provided  by  the  data  shown  in  figure  4.  Suspensions  of 
r2r'’’  coliphage  were  held  for  varying  lengths  of  time  at  4^' C.  in  the  pres¬ 
ence  of  two  different  concentrations  of  toluidine  blue,  then  irradiated 
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Figure  4.  Progressive  photosensitl^ration  of  T2t*  coliphage  during  incuba¬ 
tion  in  the  dark  at  4°  C.  with  6  ^g,/mt.  (A)  and  3  fig. /mL  (B)  of  toluidine  blue. 
The  relative  velocity  of  inactivation  upon  subsequent  irradiation  was  calculated 
as  1/t  where  t  was  Uie  time  in  seconds  to  reach  a  survival  ratio  of  10"^'®®  (cor¬ 
responding  to  probit  —  =  2.00X 
No 

under  standard  conditions.  The  velocity  constant  in  relative  units,  de¬ 
termined  from  plots  of  probit  versus  log  (It),  is  shown  as  a  function 
of  time  of  contact  between  virus* and  dye. 

If  the  progressive  sensitization  of  the  virus  were  a  result  of  a  gradual 
occupation  of  eligible  sites  of  combination,  the  curves  for  the  two  con¬ 
centrations  of  dye  should  reach  a  common  saturation  level.  The  fact  that 
the  plateaus  in  these  curves  are  at  different  levels  suggests  that  a  state 
of  equilibrium,  rather  than  a  condition  of  saturation,  terminates  the  pro¬ 
gress  of  sensitization.  This  suggestion  lends  support  to  the  membrane 
hypothesis  and  makes  it  convenient  to  visualize  an  "inner  compartment" 
into  which  the  dye  must  enter  before  it  can  react  with  those  portions  of 
the  virus  that  are  critical  for  infectivity.  The  inactivation  rate  is  as¬ 
sumed  to  be  a  function  of  the  concentration  of  dye  in  the  inner  compart¬ 
ment. 
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Rate-Controlling  Factors 

The  dependence  of  photodynamic  velocity  constant  upon  dye  concen¬ 
tration  was  studied  by  Welsh  and  Adams  using  75  coliphage  and 
methylene  blue.  These  data  take  on  a  different  significance  when  the 
observed  velocity  constant  is  corrected  for  the  effect  of  optical  shield¬ 
ing,  as  shown  in  figure  5.  The  correction  is  made  by  multiplying  the 
observed  velocity  constant  by  the  ratio  of  incident  light  intensity 

f#  to  average  light  intensity  1.  The  product  is  the  calculated  rate  if  the 
light  intensity  were  uniform  and  equal  to  the  intensity  of  light  falling 
upon  the  surface  of  the  liquid. 


DYE  CONCENTRATION  (/ift/ml.) 


Figure  5.  Effect  of  dye  concentration  upon  the  velocity  constant  for  photo¬ 
dynamic  inactivation  of  Tl  coliphage  with  methylene  blue.  Solid  circles  are  data 
from  Welsh  and  Adams;  the  open  circles  are  the  same  data  corrected  for  the 
effect  of  optical  shielding. 

For  transmittances  greater  than  85  per  cent,  or  for  lesser  transmit- 
tances  with  efficient  mixing  during  irradiation. 


^  _ _ _  (7) 

I  1  -  (e“^-l) 


in  which  «  is  the  absorbency  of  the  liquid  in  a  layer  L  cm.  thick,  illumi¬ 
nated  from  one  side  only  and  supported  upon  a  surface  of  reflectance  R. 
When  back  reflectance  is  low  enough  to  be  ignored,  the  expression  may 
be  simplified  to: 


h 

I 


L 


(8) 
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which  agrees  with  one  of  the  equations  derived  earlier  by  Morowitz.*^ 

To  take  advantage  of  the  increased  inactivation  rates  at  the  higher 
dye  concentrations  it  is  necessary  to  reduce  in  proportion  the  layer 
thickness,  or  depth,  of  the  irradiated  liquid.  A  good  working  level  for 
dye  concentration  is  that  making  the  transmittance  of  the  irradiated  layer 
85  per  cent.  Then  complications  due  to  variations  in  mixing  may  be  ig¬ 
nored  for  most  purposes. 

Other  factors  that  can  influence  the  rate  of  inactivation  are  pH  and 
oxygen  tension  of  the  solvent*®  as  well  as  the  presence  of  high  concen¬ 
trations  of  cysteine,  glutathione,  or  other  reducing  substances.*®  Medium 
199*®  at  pH  7.2  to  7.5,  or  balanced  salt  solutions  simulating  this  me¬ 
dium,  have  been  used  as  suspending  fluids  in  the  experiments  reported 
here.  A  few  experiments  using  serum  or  plasma  as  a  diluent  indicate  that 
the  presence  of  extraneous  protein  does  not  ordinarily  affect  the  rate  of 
inactivation  by  photodynamic  action. 

Energetics  of  Dye  Uptake 

Arrhenius  plots  for  permeation  of  72r''’  coliphage  with  toluidine  blue 
and  proflavine,  respectively,  are  shown  in  figure  6.  From  these  data, 
the  energies  of  activation  for  the  dye  permeation  reaction  were  calcu¬ 
lated  to  be  28.3  kcal./mole  for  toluidine  blue  and  10.6  kcal./mole  for 
proflavine.  The  implication  is  that  the  membrane  is  penetrated  more 


Figure  6.  Arrhenius  plots  for  photosensitization  of  T2t*‘.  (A)  with  toluidine 
blue;  (B)  with  proflavine. 
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easily  by  proflavine  than  by  toluidine  blue  under  the  conditions  of  this 
experiment. 

r3  coliphage,  with  either  toluidine  blue  or  proflavine,  is  sensitized 
too  rapidly  to  permit  kinetic  studies.  These  two  dyes  apparently  have 
free  access  to  the  critical  sites  of  combination.  With  neutral  red,  how¬ 
ever,  TZ  sensitizes  slowly,  indicating  some  degree  of  restriction  upon 
the  entry  of  this  dye.  The  energy  of  activation  for  effective  uptake  of 
neutral  red  by  73  is  estimated  to  be  4.2  kcal./mole. 

The  only  animal  virus  thus  far  found  to  have  restricted  permeability 
for  any  dye  is  ECHO-10  (or  reovirus).i6  The  survival  curves  shown  in 
FIGURE  7  indicate  the  extent  to  which  photosensitization  of  this  virus 
with  toluidine  blue  is  increased  by  prolonged  contact  with  the  dye  prior 
to  irradiation.  This  property  of  ECHO-10  is  one  of  several^’  that  serve 
to  separate  it  from  other  members  of  the  ECHO  group.  It  will  be  interest¬ 
ing  to  determine  whether  this  virus  has  other  properties  suggestive  of 
the  presence  of  a  functional  membrane. 

EXPOSURE  (sec.) 
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Figure  7.  Survival  curves  for  reovirus  (ECHO-10)  irradiated  after  sensiti¬ 
zation  with  toluidine  blue  (6  ^g./inL)  for  45  tnin.  and  18  hours,  respectively, 
at  4®  C. 

Specific  Action 

Survival  curves  for  15  different  animal  viruses  are  shown  in  figure 8 
Toluidine  blue  (6  pg./ml.)  was  the  photosensitizer  in  all  of  these  experi¬ 
ments.  The  dye  was  in  contact  with  the  virus  for  45  min.  at  4°  C.  prior  to 
irradiation,  except  that  for  ECHO-10  a  greater  opportunity  for  sensitiza- 
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EXPOSURE  (PLU) 
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Figure  8.  Approximate  survival  curves  for  various  animal  viruses  irradiated 
after  maximal  sensitization  with  toluidine  blue  at  a  concentration  of  6  /Zg./ml. 

tion  (1  hour  at  37°  C.)  was  provided.  To  facilitate  comparison  of  data 
obtained  under  different  conditions  of  irradiation,  exposures  were  cal¬ 
culated  in  phage  lethal  units  (PLU).  One  PLU  is  the  quantum  density 
(intensity  x  time)  required  to  kill  63.2  per  cent  of  a  suspension  of  73 
phage  sensitized  with  6  ^g./ml.  toluidine  blue.  (The  survival  ratio  after 
one  PLU  of  irradiation  is  thus:  0.368  or  e*‘*) 

The  viruses  included  in  this  study  may  be  seen  to  fall  into  two  main 
groups:  the  susceptible,  comprised  of  B-virus,  vaccinia,  rabies,  adeno¬ 
virus,  ECHO-10,  simian  viruses  1,5,6,  and  15,  and  the  vacuolating  agent 
of  Sweet  and  Hilleman,*^  and  the  resistant,  consisting  of  poliovirus,  Cox- 
sackie  A-9  and  B-2,  ECHO-1,  and  simian  virus  16. 

It  seems  probable  that  there  is  a  qualitative  difference  in  structure 
or  composition  responsible  for  the  divergent  properties  of  the  viruses  in 
these  two  catergories.  Followinw  the  hypothesis  of  Yamamalo,*  my  asso¬ 
ciates  and  I  have  visualized  the  viral  nucleic  acid  as  the  site  of  attack 
of  photodynamic  action  and  on  this  basis  can  offer  three  possible  explan¬ 
ations  for  the  existence  of  resistant  viruses. 

The  viruses  may  be  resistant  simply  because  the  dye  fails  to  pene^ 
trate  the  protein  coat  This  explanation  scents  very  plausible  in  viear  ol 
Schaffer^s  finding**  that  poliovirus  RNA  wilt  combine  with  proflavine  if 
the  dye  is  present  during  intracellular  maturation  of  the  virus  but  not  if 
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the  dye  is  introduced  after  harvesting  the  completed  virus.  However,  we 
have  found  no  significant  increase  in  photosensitivity  when  poliovirus  is 
grown  in  monkey-kidney  cell  cultures  in  the  presence  of  either  proflavine 
(5  pg./ml.)  or  toluidine  blue  (3  pg./ml.).  This  observation  seems  to  dis¬ 
courage  the  idea  that  restricted  dye  permeation  accounts  for  the  resist¬ 
ance  of  poliovirus.  On  the  other  hand,  we  have  found  that  poliovirus 
RNA,  extracted  by  the  method  of  Koch  et  loses  its  infectivity 

very  rapidly  when  exposed  to  light  in  the  presence  of  toluidine  blue.  This 
seems  to  indicate  that  poliovirus  would  be  quite  susceptible  to  photo- 
cynamic  action  if  it  were  unprotected  by  the  protein  coat,  but  allowance 
must  be  made  for  the  possibility  that  the  extracted  RNA  is  not  represent¬ 
ative  of  the  RNA  in  situ  in  the  virus  particle. 

Other  explanations  that  might  be  offered  to  account  for  the  resistance 
of  some  viruses  are  that  the  dye  fails  to  combine  with  the  nucleic  acid 
even  though  it  is  present  in  the  vicinity  or  does  combine  but  fails  to  in¬ 
duce  any  irreversible  damage  upon  subsequent  exposure  to  light.  Only 
fragmentary  evidence  bearing  on  either  of  these  possibilities  is  available 
thus  far  and  no  conclusion  may  be  drawn,  but  the  data  in  figure  8, 
suggesting  that  DNA  viruses  are  susceptible  and  RNA  viruses  resistant, 
implies  that  differences  in  nucleic  acid  structure  may  be  responsible  for 
the  observed  specificity  of  this  inactivating  process. 

Differential  Inactivation 

An  interesting  practical  application  of  the  photodynamic  process  is 
the  differential  inactivation  of  susceptible  viruses  occurring  in  mixture 
with  resistant  viruses.  It  is  fortuitous  that  some  of  the  more  troublesome 
adventitious  viruses  that  appear  as  contaminants  of  poliovirus  grown  in 
cultures  of  primary  monkey  kidney  cells  are  highly  susceptible  to  photo¬ 
dynamic  action  with  toluidine  blue,  whereas  poliovirus  itself  is  almost 
totally  resistant.  Thus  B  virus,  for  example,  occurring  in  preparations  of 
attenuated  poliovirus  may  be  destroyed  without  any  appreciable  loss  of 
poliovirus  titer,  and  some  of  the  other  simian  viruses  —  including  the 
vacuolating  agent  -  are  also  amenable  to  selective  inactivation  by  this 
method. 


Continuous-Flow  Irradiation 

The  apparatus  shown  in  figure  9  has  been  used  successfully  for 
irradiating  a  continuously  flowing  stream  of  liquid.  Fluids  containing 
6  ftg./ml.  of  toluidine  blue  receive  a  radiation  dose  of  80  PFU  when 
passing  through  at  a  flow  rate  of  150  ml. /min.  At  this  dose  the  survival 
ratios  for  any  of  the  susceptible  contaminants  are  less  than  lO'**.  There 
is  no  significant  decrease  in  poliovirus  infectivity  at  this  dosage  level 
and  no  apparent  change  in  the  “t-marker”  characteristics 22  of  attenuated 
strains.  The  flow  rate  can  probably  be  increased  considerably  by  in- 
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Figure  9.  Apparatus  for  continuouS'flow  irradiation  of  liquids.  The  liquid  to 
be  treated  is  pumped  through  a  helical  coil  of  Pyrex  glass  tuUng  (A)  around  the 
light  source  (B) ,  which  is  a  General  Electric  Quartzline  1500T3Q/CL  tungsten- 
filament  lamp.  The  coil  is  surrounded  by  a  water  jacket  (C)  and  a  polished 
aluminum  reflector  (D). 

creasing  efficiency  of  the  apparatus  and  by  employing  optimal  dye  con¬ 
centration. 

To  remove  residual  dye  after  irradiation,  we  have  used  columns  of  a 
cation  exchanger  (Dowex-50)  adjusted  to  pH  7.2  to  7.4  with  phosphate- 
buffered  saline  solution.  The  toluidine  blue  is  readily  removed,  and  there 
is  essentially  no  loss  of  poliovirus  nor  any  demonstrable  change  in  its 
properties  as  a  result  of  the  ion- exchange  procedure. 

Conclusions 

The  specificity  of  photodynamic  action  in  the  inactivation  of  viruses 
is  based  upon  a  selective  photosensitization  that  provides  "marked  tar¬ 
gets"  for  subsequent  irradiation  with  visible  light.  One  of  the  selective 
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factors  controlling  photosensitization  is  the  permeability  of  the  protein 
coat  of  the  virus.  Photodynamic  action  offers  a  method  for  investigating 
the  nature  of  the  protein  coat  as  disclosed  by  its  permeability  character¬ 
istics.  The  study  of  other  factors  that  contribute  to  selective  photosen¬ 
sitization  may  in  turn  provide  information  about  internal  composition  of 
the  virus  particle. 

Selective  inactivation  of  contaminating  viruses  in  preparations  of  live 
poliovirus  is  a  feasible  process  that  may  find  a  useful  application  in  the 
manufacture  of  live  poliovirus  vaccine. 

Acknowledgment 

I  acknowledge  the  essential  participation  of  Jerome  J.  Helprin,  Eleanor 
Kaufman,  William  G.  Jahnes,  Dorothy  Moore,  and  Larry  Brown.  Among 
others  who  contributed  to  this  investigation  are  Robert  M.  Friedman, 
Paul  Gerber,  and  Edward  B.  Seligmann,  Jr. 

References 

1.  Blum,  H.  F.  1941.  Photodynamic  Action  and  Diseases  Caused  by  Light. 

Reinhold.  New  York,  N,  Y, 

Z  Raab.O.  1900.  Z.  Biol.  39;  524-546. 

3.  FOWLKS,  W.  L.  1959.  J.  Invest  DermatoL  32:  233-247. 

4.  Hiatt,  C.  w.,  e.  Kaufman,  J.  J.  Helprin  St  S.  baron.  1960.  J.  Immunol. 

84;  480-484. 

5.  Heinmets,  F.,  R.  Vinegar  &  w.  Taylor.  195Z  J.  Gen.  Physiol.  36: 

207-226. 

6.  Herzberg.K.  1933.  Z.  Immunitatsforsch.  80:  507-520. 

7.  Yamamoto,  N,  1956.  Virus.  6:  510-521. 

8.  Yamamoto,  N.  1958.  J.  BacterioL  75:  443-448. 

9.  Perdrau,  j.  R.  &  C.  Todd.  193Z  Proc.  Royal  Soc.  London,  B.  112: 

277-287. 

10.  Welsh,  J.  N.  8d  M.  H.  Adams.  1954.  J.  Bacteriol  68:  122-127. 

11.  HELPRIN,  J.  J.  &  C.  W.  Hiatt.  1959.  J.  BacterioL  77:  502-505. 

12.  KAUFMAN,  E.  &  C.  W.  Hiatt.  1959.  Virology.  9:  478,479. 

13.  Hiatt,  C.  W.  1959.  Abstracts  of  Papers,  136th  A.C.S,  Meeting,  48S. 

14.  MOROWITZ,  H.  J.  1950.  Science.  Ill:  229,230. 

15.  Heinmets,  F.,  J.  R.  Kingston  &  C.  W.  Hiatt.  1955.  Inactivation  of 

Viruses  in  Plasma  by  Photosensitized  Oxidation.  Walter  Reed  Army  In¬ 
stitute  of  Research  Report.  53-55:  1-16. 

16.  Sabin,  A.  B.  1959.  Science.  130:  1387-1389. 

17.  HSIUNG.G.  D.  1958.  Proc.  Soc.  Exptl.  BioL  Med.  99:  387-390. 

18.  Sweet,  B.  H.  St  M.  R.  Hilleman.  1960.  W.  H.O.  Scientific  Publication 

No.  5a:  79-89. 

19.  Schaffer,  F.  L.  1960.  Federation  Proc.  19:  405. 

20.  Koch,  G.,  S.  Koenig  St  H.  E.  Alexander.  196a  Virology.  10:  329-343. 

21.  Hiatt,  C.  W.  i960.  Federation  Proc.  19:  405. 

22.  Sabin  A.  B.  St  A.  Lwoff.  1959,  Science.  129:  1287,1288. 


COXFEREXCES  HELD 


SECTIOX  OF  BIOLOGICAL  AXD  MEDICAL  SCIEXCF^ 

VITAMIN  C 

Friday,  October  7,  and 
Saturday,  October  8,  1960 

Conference  Co-Chairmen:  J.  J.  Burns, 

National  Heart  Institute,  Bethesda,  Md.,  and 
C.  G.  King,  Columbia  University,  New  York,  N.Y. 

FRIDAY,  OCTOBER  7,  1960 

9:00  A.M.- 

Greetings  from  the  Academy  -  Robert  L.  Kroc,  Chairman,  Section  of  Bio¬ 
logical  and  Medical  Sciences,  The  New  York  Academy  of  Sciences,  New 
York,  N.Y.;  Warner-Lambert  Research  Institute,  Morris  Plains,  N.J. 

Introductory  Remarks  -  “History  and  Present  Status  of  Vitamin  C“  -  C.  G. 
King,  Columbia  University,  New  York,  N.Y. 

Session  Chairman:  C.  G.  Kint 
Columbia  University,  New  York,  N.Y. 

“Biosynthesis  of  Ascorbic  Acid  in  Animals  and  Plants"  -  F.  A.  Isher- 
wood  and  L.  W.  Mapson,  Cambridge  University,  Cambridge,  England. 

“Aspects  of  Ascorbic  Acid  Biosynthesis  in  Animals"  -  B.  C.  Guha, 
University  College  of  Science  and  Technology,  Calcutta,  India. 

“Aspects  of  Ascorbic  Acid  Biosynthesis  in  Plants"  -  F.  A.  Loewus, 
Western  Regional  Research  Laboratory,  Albany,  Calif. 

“The  Interrelationship  Between  Gulonolactone  Oxidase  and  the  Process 
of  Lipid  Peroxidation"  -  R.  Caputto,  R.  E.  Trucco,  and  A.  E.  Kitabchi, 
Oklahoma  Medical  Research  Foundation,  Oklahoma  City,  Okla. 

“Studies  on  Aldonolactonase"  -  Albert  L.  Lehninger  and  Clark  Bublitz, 
The  Johns  Hopkins  School  of  Medicine,  Baltimore,  Md. 

“Uronic  Acid  and  Aldonic  Acid  Metabolism"  -  N.  Shimazono,  University 
of  Tokyo,  Tokyo,  Japan. 

“Metabolism  of  Ascorbic  Acid  and  Related  Uronic  Acids,  Aldonic  Acids 
and  Pentoses"  -  Gilbert  Ashwell,  Julian  Kanfer,  J.  Donald  Smiley,  and 
J.  J.  Burns,  National  Institutes  of  Health,  Bethesda,  Md. 
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Session  Chairman:  J.  J.  Burns 
National  Heart  Institute,  Bethesda,  Md. 

2:00  P.M.- 

“Metabolic  Interactions  Between  L-Ascorbic  Acid  and  Drugs"  -  A.  H. 
Conney,  George  A.  Bray,  and  J.  J.  Burns,  National  Heart  Institute, 
Bethesda,  Md. 

"Exchangeability  and  Distribution  of  L-Ascorbic  Acid"  -  Lothar  L. 
Salomon,  University  of  Texas  Medical  Branch,  Galveston,  Texas. 

“Studies  on  Tissue  Distribution  of  L-Ascorbic  Acid"  -  G.  R.  Martin, 
National  Institute  of  Dental  Research,  Bethesda,  Md. 

“Half-Life  of  L-Ascorbic-l-C  Acid  in  Guinea  Pigs  on  Maintenance, 
Scorbutic,  and  Saturation  Diets"  -  Arthur  F.  Abt  and  Susanne  von 
Schuching,  Veterans  Administration  Center,  Martinsburg,  W.  Va. 

“The  Biochemical  Role  of  L-Ascorbic  Acid  in  Connective  Tissue"  - 
William  v.  B.  Robertson,  The  University  of  Vermont,  Burlington,  Vt. 

“Ascorbic  Acid-Dependent  and  Ascorbic  Acid-Independent  Collagen 
Biosynthesis"  -  Georg  Manner  and  Bernard  S.  Gould,  Massachusetts 
Institute  of  Technology,  Cambridge,  Mass. 

7:00  P.M.- 


AFTER  DINNER  ADDRESS 

“Observations  on  Current  National  and  International  Problems  in  Nutri¬ 
tion"  -  James  M.  Hundley,  Special  Assistant  on  International  Affairs, 
National  Institutes  of  Health,  Bethesda,  Md. 


SATURDAY,  OCTOBER  8,  1960 

Session  Chairman:  W.  Eugene  Knox 
New  England  Deaconess  Hospital,  Boston,  Mass. 

9:00  A.M.- 

“Role  of  Ascorbic  Acid  in  Tyrosine  Metabolism"  -  Bert  N.  La  Du  and 
Vincent  G.  Zannoiii,  National  Institute  of  Arthritis  and  Metabolic  Dis¬ 
eases,  Bethesda,  Md. 

“Further  Remarks  on  the  Role  of  Ascorbic  Acid  in  Tyrosine  Metabolism" 
W.  Eugene  Knox,  New  England  Deaconess  Hospital,  Boston,  Mass. 

“Role  of  Ascorbic  Acid  in  Microsomal  Electron  Transport  and  the  Pos¬ 
sible  Relationship  to  Hydroxylation  Reactions”  -  Hj.  Staudinger,  K. 
Krisch  and  S.  Leonhauser,  University  of  Giessen,  Germany. 
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“Role  of  Ascorbic  Acid  in  the  Hydroxylation  of  Tryptophane  to  5- 
Hydroxytryptophane”  -  Jack  R.  Cooper,  Yale  University  School  of 
Medicine,  New  Haven,  Conn. 

“Some  Properties  of  Ascorbic  Acid  Oxidase”  -  Charles  R.  Dawson 
and  Keiko  Tokuyama,  Columbia  University,  New  York.  N.Y. 

“Role  of  Ascorbic  Acid  in  the  Incorporation  of  Plasma  Iron  into  Ferritin” 
-  Abraham  Mazur,  Cornell  Medical  College  and  New  York  Hospital, 
New  York,  N.Y. 


I  Session  Chairman:  Geoffrey  H.  Bourne 

Emory  University,  Atlanta,  Ga. 

2:00  P.M.- 

“Human  Requirements  for  Vitamin  C  and  Its  Use  in  Clinical  Medicine”  - 
Grace  A.  Goldsmith,  Tulane  University  School  of  Medicine,  New  Orleans, 
La. 

“Ascorbic  Acid  Economy  in  the  Surgical  Patient”  -  J.  H.  Crandon, 
Tufts  University  Medical  School,  Boston,  Mass. 

I  "Methods  for  Detecting  and  Evaluating  Ascorbic  Acid  Deficiency  in 
Man  and  Animals”  -  Helen  B.  Burch,  Washington  University  School  of 
P  Medicine,  St.  Louis,  Mo. 

“Appraisal  of  Methods  for  the  Determination  of  L-Ascorbic  Acid”  - 
^  Joseph  H.  Roe,  The  George  Washington  University  School  of  Medicine, 
Washington,  D.C. 

“Role  of  Ascorbic  Acid  in  the  Formation  and  Maintenance  of  Dental 
Structures”  -  Harold  M.  Fullmer,  National  Institute  of  Dental  Research, 
Bethesda,  Md. 

"The  Unique  Role  of  Ascorbic  Acid  in  Vascular  Fragility  as  Compared 
with  Certain  Bioflavonoids”  -  Richard  E.  Lee,  The  New  York  Hospital, 
New  York,  N.Y. 

“Ascorbic  Acid  and  Blood  Coagulation”  -  Peter  G.  Dayton  and  Murray 
Weiner,  New  York  University  Research  Service,  Goldwater  Memorial 
Hospital,  New  York,  N.Y. 

"Vitamin  C  in  Relation  to  Temperature  Tolerance”  -  L.  P.  Dugal, 
University  of  Ottawa,  Ont.,  Canada. 


SECTION  OF  BIOLOGICAL  AND  MEDICAL  SCIENCES 


Robert  L.  Kroc 
Chairman 


Charles  Noback 
V  ice-Chairman 
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SECTION  OF  BIOLOGICAL  AND  MEDICAL  SCIENCES 
AND  DIVISION  OF  PSYCHOLOGY 

PAVLOVIAN  CONFERENCE 
ON 

HIGHER  NERVOUS  ACTIVITY 

Thursday,  October  13, 

Friday,  October  14,  and 
Saturday,  October  15,  1960 

Conference  Co-Chairmen: 

Nathan  S.  Kline 
Rockland  State  Hospital 
Orangeburg,  N.  Y. 
and 

Gregory  Razran 
Queens  College 
Flushing,  N.  Y. 

THURSDAY,  OCTOBER  13,  1%0 


9:30  A.M.- 

Greetings  from  the  Academy  -  Gregory  Razran,  Chairman,  Division  of  Psy* 
chology,  The  New  York  Academy  of  Sciences,  New  York,  N.  Y.,  Queens 
College,  Flushing,  N.  Y. 

STRUCTURE  AND  FUNCTION 


Session  Co-Chairmen:  Robert  8.  Livingston, 

National  Institute  of  Mental  Health,  and  National  Institute 
of  Neurological  Diseases  and  Blindness,  Bethesda,  Md.,  and 
Mans-Lukas  Teuber,  New  York  University  College  of 
Medicine,  New  York,  N.  Y. 


Introductory  Remarks  -  Nathan  S.  Kline,  Rockland  State  Hospital,  Orange¬ 
burg,  N.  Y.,  and  Frank  Fremont- Smith,  World  Federation  for  Mental  Health, 
New  York,  N.  Y. 


“Current  Data  on  the  Structure  and  Function  of  the  Human  Brain 
Sarkisov,  Academy  of  Medical  Sciences  of  the  U.S.S.  R. ,  Moscow, 


”  -  S.A. 
U.S.S.R. 


“Recent  Contributions  to  the  Electrophysiology  of  Learning”  -  Horace  W 
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Magoun,  University  of  California  Medical  Center,  Los  Angeles,  Calif. 

Discussants:  Neal  E.  Miller,  Yale  University,  New  Haven,  Conn.,  and 
Karl  Pribram,  Stanford  University  Medical  Center,  Palo  Alto,  Calif. 


CORTICAL  SUBCORTICAL  INTERACTION 


Session  Co-Chairmen:  John  C.  Lilly, 
Communication  Center,  St.  Thomas,  Vi^in  Islands,  said 
Walter  Reitman,  Carnegie  Institute  of  Technology, 
Pittsburgh,  Pa. 


2:30  P.M.- 

“Electroencephalographic  Analysis  of  Cortical-Subcortical  Interrelations 
in  Positive  and  Negative  Conditioned  Reflexes”  -  P.  K.  Anokhin,  Acad¬ 
emy  of  Medical  Sciences  of  the  U.S.S.R. ,  Moscow,  U.S.S.R. 

Discussants:  Robert  W.  Doty,  University  of  Midiigan,  Ann  Arbor,  Mich.; 
Harold  Himwich,  Galesburg  State  Research  Hospital,  Galesburg,  Ill.; 
Herbert  H.  J a^er,  Montreal  Neurological  Institute,  McGill  University, 
Montreal,  Que.,  Canada;  and,  Fred  A.  Mettler,  Columbia  University  Col¬ 
lege  of  Physicians  and  Surgeons,  New  Yorir,  N.  Y. 


FRIDAY,  OCTOBER  14,  1960 
DEVIANCE  AND  DRUGS 


Session  Co-Chairmen:  Joseph  V.  Brady, 

Walter  Reed  Army  Institute  of  Research,  Washington,  D.  C.,  and 
Keith  F.  Killam,  Jr.,  Stanford  University, 

Palo  Alto,  Calif. 


9:30  A.M.- 

Introductory  Remarks  -  Howard  S.  Liddell,  Cornell  University,  Ithaca,  N.  Y . 

“Normal  and  Pathological  Neural  Processes  in  the  Higher  Divisions  of 
the  Brain”  -  P.  S.  Kupalov,  Academy  of  Medical  Sciences  of  the  U.S.S.R., 
Moscow,  U.S.S.R. 

“The  Effect  of  Pharmacological  Agents  on  Conditioned  and  Unconditioned 
Reflexes”  -  V.  V.  Zakusov,  Academy  of  Medical  Sciences  of  the  U.S.S.R. , 
Moscow,  U.S.S.R. 

Discussants:  Manfred  Clynes,  Rockland  State  Hospital,  Orangeburg,  N.  Y., 
and  Richard  L.  Solomon,  Univ.  of  Pennsylvania,  Philadelphia,  Pa. 
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IRRADIATION  AND  GENERALIZATION 


Session  Co-Chairmen:  Robert  Galambos, 

Walter  Reed  Army  Institute  of  Researdi,  Washington,  D.  C.,  and 
Hany  Grundfest,  Columbia  University  College  of 
Physicians  and  Surgeons,  New  York,  N.  Y. 


2:30  P.M.- 

Introductory  Remarks  -  Frank  Morrell,  University  of  Minnesota,  Minneapo¬ 
lis,  Minn. 

“The  Reflection  of  the  Process  of  Irradiation  in  the  Electroencephalogram 
During  theFormation  of  Conditioned  Reflexes”  -V.  G.  Rusinov,  Academy 
of  Medical  Sciences  of  the  U.S.S.R.,  Moscow,  U.S.S.R. 

Discussants:  Mary  A.  B.  Brazier,  Massachusetts  General  Hospital,  Boston, 
Mass.;  Robert  G.  Heath,  Tulane  University,  New  Orleans,  La.;  Dominick 
P.  Purpura,  Columbia  University,  New  York,  N.  Y.,  and  Gregory  Razran, 
Queens  College,  Flushing,  N.Y. 


SATURDAY,  OCTOBER  15,  1960 

PSYCHOPHARMACOLOGY 


Session  Co-Chairmen:  Orr  E.  Reynolds, 

Office  of  the  Assistant  Secretary  of  Defense,  Washington,  D.  C. ,  and 
Amedeo  S.  Marrazzi,  Veterans  Administration,  Pittsburgh,  Pa. 


9:30  A.M.- 

Introductory  Remarks  -  W.  Horsley  Gantt,  Johns  Hopkins  University  School 
of  Medicine,  Baltimore,  Md. 

“Clinical  and  Pathophysiological  Lawfulness  in  the  Development  of  Re¬ 
missions  and  Complications  During  the  Treatment  of  Schizophrenics  with 
Psychotropic  Agents”-  A.  V.  Snezhnevsky,  Academy  of  Medical  Sciences 
of  the  U.S.S.R.,  Moscow,  U.S.S.R. 

“Recent  Contributions  to  the  Pharmacology  of  Learning”  -  Nathan  S. 
Kline,  Rockland  State  Hospital,  Orangeburg,  N.Y. 


Discussants:  Nathan  S.  Kline,  Rockland  St  ate  Hospital,  Orangeburg,  N.  Y.; 
Louis  Lasagna,  Johns  Hopkins  Hospital,  Baltimore,  Md.,  and  Heinz  Leh 
mann,  Verdun  Protestant  Hospital,  Verdun,  Que.,  Canada. 
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INHIBITION 

Session  Co-Chairmen:  Paul  Hoch, 

State  of  New  York,  Albany,  N.Y.,  and 
Louis  W.  Max,  Vice-Chairman,  Division  of  Psychology, 
The  New  York  Academy  of  Sciences,  New  York,  N.  Y. 


2:30  P.M.- 

Introductory  Remarks  -  E.  Roy  John,  Department  of  Psychology,  Univ¬ 
ersity  of  Rochester,  Rochester,  N.Y. 

“Initiation  and  Localization  of  Cortical  Inhibition  in  Elements  of  the 
Conditioned  Reflex  Arc”  -  E.  A.  Asratyan,  Academy  of  Sciences  of  the 
U.S.S.R.,  Moscow,  U.S.S.R. 

Discussants:  Enoch  Callaway,  III,  The  Langley  Porter  Neuropsychiatric 
Institute,  San  Francisco,  CaliL;  Gregory  A.  Kimble,  Duke  University, 
Durham,  N.  C.;  1.  Arthur  Mirsky,  University  of  Pittsburgh,  Pittsburgh,  Pa., 
and  Kenneth  W.  Spence,  State  University  of  Iowa,  Iowa  City,  Iowa. 


SECTION  OF  BIOLOGICAL  AND  MEDICAL  SCIENCES 

Robert  L.  Kroc  Charles  Noback 

Chairman  Vice-Chairman 

DIVISION  OF  PSYCHOLOGY 


Gregory  Razran 
Chairman 


Louis  W.  Max 
V  ice-Chairman 


NEW  MEMBERS 
Elected  June  23,  1960 
LIFE  MEMBERSHIP 

Adams,  Douglas  P.,  M.A.,  Engineering.  Associate  Professor,  Massachusetts 
Institute  of  Technology,  Cambridge,  Mass, 

SVSTAIMNG  MEMBERSHIP 

Abidin,  Sutan  Muchtar,  li.A.,  Mathematics.  President  Director,  P.  T.  Menara 
Pengetahuan  Printing  &  Publishing  Company  Ltd.,  Djakarta,  Indonesia. 

Halstrom,  Edward  John  L.,  Medical  Research.  Governing  Director,  Hallstroms 
Pty.  Ltd.,  Sydney,  Australia. 

Lee,  Royal,  D.D.S.,  Nutrition  and  Biochemistry.  President,  Lee  Foundation  for 
Nutritional  Research,  Milwaukee,  Wise. 

McKay,  Arthur  Ferguson,  Ph.D.,  Chemical  Sciences.  Vice-President,  Monsanto 
Canada  Ltd.,  LaSalle,  Quebec,  Canada. 

ACTIVE  MEMBERSHIP 

Abercrombie,  Michael,  M.A.,  Embryology  and  Cytology.  Professor,  Embryology, 
University  of  London,  London,  England. 

Abrams,  Howard  M.,  BS(EE),  Medical  Electronics.  Department  of  Medical  and 
Biological  Physics,  Airborne  Instruments  Laboratory,  Deer  Park,  N.Y. 

Agerholm,  Margaret,  M.A.,  Poliomyelitis  and  Rehabilitation.  Lecturer,  University 
of  Oxford,  Oxford,  England. 

Ahrens,  Louis  Herman,  D.Sc.,  Fundamental  Chemistry.  Professor,  Inorganic  and 
Physical  Chemistry,  University  of  Cape  Town,  Cape  Town,  South  Africa. 

Ainsworth,  E.  John,  Ph.D.,  Immunology.  Resident  Research  Associate,  Argonne 
National  Laboratory,  Lemont,  Ill. 

Anderson,  Paul  Sigfried,  Jr.,  Ph.D.,  Bacteriology  and  Statistics.  Assistant  Pro¬ 
fessor,  Public  Health,  Yale  University,  New  Haven,  Conn. 

Andrews,  Leon  Polk,  M.D. ,  Internal  Medicine  and  Medical  Education.  Staff  Phy¬ 
sician,  Veterans  Administration,  Fayetteville,  N.  C. 

Angevine,  Jay  B,  Jr.,  Ph.D.,  Neuroanatomy.  Associate,  Anatomy,  Harvard  Medi¬ 
cal  School,  Boston,  Mass. 

Ascher,  Eduard,  M.D.,  Psychiatry.  Assistant  Professor,  Psychiatry,  Johns 
Hopkins  Medical  School,  Baltimore,  Md. 

Avera,  Fitzhugh  Lee,  Chemistry.  Director,  Research,  Skippy  Com  Products 
Company,  Alameda,  Calif. 

Averbach,  B.  L.,  Sc.D.,  Physics  of  Metals.  Professor,  Metallurgy,  Massachusetts 
Institute  of  Technology,  Cambridge,  Mass, 

Averbook,  Beryl  David,  M.D.,  General  Surgery.  Chief  Physician,  Los  Angeles 
County  Harbor  General  Hospital,  Torrance,  Calif. 

Bailey,  George  W.,  Sc.D,,  Electronics.  Executive  Secretary,  Institute  of  Radio 
Engineers,  New  York,  N.  Y. 

Bainborough,  A.  R.,  M.Sc.,  Pathology.  Director,  Laboratories,  Municipal  Hospi¬ 
tal,  Lethbridge,  Canada. 

Baird,  William  A.,  M.D.,  Orthopedic  Surgery.  Head,  McFarland  Clinic,  Ames, 
Iowa. 
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Baker,  Dwight  L.,  Ph.D.,  Biochemistry.  Technical  Director,  Froedtert  Malt  Cor¬ 
poration,  Milwaukee,  Wise. 

Bom,  Max,  PKD,,  Theoretical  Physics.  Professor  Emeritus,  University  of 
Lothigen  and  Edinburgh,  Bad  Pyrmot,  German  Federal  Republic. 

Pozkowa,  Krystyna,  M.D.,  Pediatrics.  Second  Pediatric  Qinic,  Pomeranian 
Medical  Academy,  Szczecin,  Poland. 

Brugsch,  Theodor,  M.D.,  Internal  Medicine.  Professor,  Humboldt  University, 
Berlin,  Germany. 

Burgers,  Johannes  M.,  Ph.D.,  Gas  Dynamics  and  Related  Domains  of  Physics. 
Research  Professor,  University  of  Maryland,  College  Park,  Md. 

Campbell,  Francis  P.,  M.S.,  Ophthalmology.  New  York  University  Medical  Cen¬ 
ter,  New  York,  N.  Y. 

Candib,  William,  M.D.,  Medicine.  Assistant  Attending  Physician,  Ellis  Hospital, 
Schenectady,  N.  Y. 

Carter,  Dorothy  L.,  M.D.,  Research.  Medical  Director,  Miles  Products,  Elkhart, 
Ind. 

Chang,  Chen-Tung,  M.D.,  Medical  Science.  Private  Practice,  Formosa,  Republic 
of  China. 

Chasson,  Albert  L.,  M.D.,  Pathology.  Associate  Pathologist,  Mercy  Hospital, 
Chicago,  Ill. 

Cheverie,  Charles  Reverend,  M.Sc.,  Zoology.  Student,  Catholic  University  of 
America,  Washington,  D.  C. 

Chitkara,  N.L.,  M.D.,  Bacteriology.  Professor,  Pathology  and  Bacteriology, 
Medical  College,  Amritsar,  hidia. 

Chulski,  Thomas,  Ph.D.,  Analytical  Chemistry.  Research  Associate,  The  Upjohn 
Company,  Kalamazoo,  Mich. 

Church,  Kenneth  Briggs,  B. S.,  Chemistry.  Textile  Manufacturer,  Norwich,  Conn. 

Connolly,  Maurice  R.,  M.D. ,  Medicine.  Private  Practice,  Salina,  Kans. 

Cook,  M.  Katherine,  Ph.  D.,  Virology.  Bacteriologist,  National  Institute  of  Al¬ 
lergy  and  Infectious  Diseases,  Public  Health  Service,  Bethesda,  Md. 

Crooks,  Harry  M.,  Jr.,  Ph.D.,  Chemistry.  Assistant  Director,  Chemical  Research, 
Paike  Davis  and  Company,  Ann  Arbor,  Mich. 

Cruet,  Jorge  Perez,  M.D.,  Cardiovascular  System.  Psychophysiology  Postdoc¬ 
toral  Research  Fellow,  National  Heart  Institute,  Public  Health  Service, 
Bethesda,  Md. 

Dacanay,  Joaquin  G.,  R.N.,  Clinical  Pathology.  Pharmacologist,  Smith,  Kline  and 
French  Research  Laboratories,  Philadelphia,  Pa. 

Delea,  Anne  C.,  B.A.,  Clinical  Chemistry.  Principal  Hospital  Technician,  Balti¬ 
more  City  Hospitals,  Baltimore,  Md. 

Deulofeu,  Venancio,  Ch.D.,  Organic  Chemistry.  Professor,  Organic  Chemistry, 
University  of  Buenos  Aires,  Buenos  Aires,  Argentina. 

Dimanin,  John  V.,  D.O.,  Medicine.  Intern,  Art  Centre  Hospital,  Detroit,  Mich. 

Oykstra,  Kenneth  G.,  Ph.D.,  Research  and  Development,  Frozen  Foods.  Re¬ 
search  Manager,  Birds  Eye  Division,  General  Foods  Corporation,  Albion, 
N.  Y. 

Elahi,  Jalal,  M.D,,  Internal  Medicine.  Private  Practice,  East  Williston,  N.  Y. 

Evans,  Stanley  Paul,  O.D.,  Vision.  Private  Practice,  Woodside,  N.Y. 

Fender,  Fred  G.,  Ph.D.,  Applied  Mathematics.  Professor,  Rutgers,  The  State 
University,  New  Brunswick,  N.  J.  ’  ' 

Filho,  Antonio  Rodrigues  Monteiro,  M.D.,  Microbiology.  Professor,  Faculdade 
Fluminense  de  Medicina-Niteroi,  E.  do  Rio  de  Janeiro,  Brazil. 

Fonnan,  Donald  T.,  Ph.D.,  Atherosclerosis  Research,  Trace  Metal  Metabolism. 
Research  Biochemist,  Mercy  Hospital,  Chicago,  IlL 
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Forrest,  Helen  Frey,  B.A.,  Zoology.  Assistant  Instructor,  Rutgers,  The  State 
University,  Newark,  N.J. 

Forsek,  Zlatko,  V.M.D.,  Biological  and  Medical  Sciences,  Professor,  University 
of  Sarajevo,  Sarajevo,  Yugoslavia. 

Fratta,  Italo  D.,  D.V.M.,  Toxicology  Research.  Toxicologist,  Geigy  Research 
Laboratory,  Ardsley,  N.  Y. 

Fuchs,  Morton,  M.D.,  Cardiovascular  Disease.  Assistant  Professor,  Medicine, 
Hahnemann  Medical  College  and  Hospital,  Philadelphia,  Pa. 

Garfield,  Eugene,  M.S.,  Scientific  Documentation.  Director,  Institute  for  Scien* 
tific  Information,  Philadelphia,  Pa. 

Gilles,  Andre  Eklouard,  D.Sc.,  Genetics  and  Cytogenetics.  Professor,  Universite 
Louvain,  Louvain,  Belgium. 

Gleiser,  Chester  A.,  Lt  CoL,  VMD.,  Veterinary  and  Comparative  Pathology. 
Assistant  Chie^  United  States  Army  Medical  Unit,  Frederick,  Md. 

Gold,  M.  A.,  M.D.,  Medicine.  Private  Practice,  Butte,  Mont. 

Goldberg,  Edwin,  D.C.,  Neuromuscular  Disorders.  Private  Practice,  Brooklyn, 
N.  Y. 

Goodman  Harold,  M.D.,  Physician*pediatrician.  Associate,  Northwestern  Uni¬ 
versity  School  of  Medicine.  Chicago.  UL 
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Foundation,  Raritan,  N,  J. 

Hare,  W.  C,  D,,  Ph.D.,  Anatomy.  Associate  Professor,  Anatomy,  University  of 
Pennsylvania  School  of  Veterinary  Medicine,  Philadelphia,  Pa. 

Harroy,  Jean-Paul,  D.Sc.,  Conservation.  Belgian  Government,  Brussels,  Belgium 

Hassan,  Selim,  Ph.D.,  Archeology  and  Egyptology.  University  of  Culture  and 
Orientation,  Giza,  U.A.R. 

Hatcher,  Robert  Douglas,  Ph.D.,  Proton-Proton  Scattering^  Associate  Professor, 
New  York  University,  New  York,  N.  Y. 

Hayes,  Donald  M.,  M.D.,  Hematology.  Instructor,  Medicine,  Bowman  Gray  School 
of  Medicine,  Winston-Salem,  N.  C. 

Holter,  Heinz,  Ph-D.,  Cell  Physiology.  Head,  Physiological  Department,  Carls- 
berg  Laboratory,  Copenhagen,  Denmark. 

Hsu,  Hsui-Sheng,  Ph.D.,  Medical  Microbiology.  University  of  Pennsylvania 
School  of  Medicine,  Philadelphia,  Pa. 

Hung,  Wellington,  M.D.,  Pediatric  Endocrinology.  Research  Fellow,  Harriett 
Lane  Home,  The  John  Hopkins  Hospital,  Baltimore,  Md. 

Hurley,  Francis  Joseph,  Rev.,  C.S.C.,  Ph.D.,  Parasitology.  Biology  Department, 
Stonehill  College,  North  Easton,  Mass. 

Karani,  Soli,  Ph.D.,  General  Medicine.  Consultant  Physician,  Woolwich  Group 
of  Hospitals,  London,  England. 

Kind,  Fred  A.,  RNDr.  Organic  Chemistry.  Director,  Research  Coordinator, 
Mexico  D.F.,  Mexico. 

Kirschbaum,  Emil,  Dr.  Ing,  Chemical  Engineering.  Professor,  Lehrstuhl  und 
Institut  fur  Apparatebau  und  Verfarenstechnik,  Karlsruhe,  German  Federal 
Republic. 

Kohn,  Kurt  W.,  M.D.,  Biochemistry.  Senior  Investigator,  National  Cancer  Insti¬ 
tute,  Public  Health  Service,  Bethesda,  Md. 

Lantier,  Raymond,  Prehistory  and  Protohistory.  Musees  Nationaux,  Sein-Et-Oise, 
France. 

LaPaz,  Lincoln,  Ph.D.,  Meteoritics.  Professor,,  Mathematics,  University  of  New 
Mexico,  Albuquerque,  N.  M. 

Lathrop,  Frank  D.,  M.D.,  Eye,  Nose,  and  Throat.  Lahey  Clinic,  Boston,  Mass. 

Lehnartz,  Emil,  M.D.,  Intermediary  Metabolism.  University  of  Munster,  Munster, 
German  Federal  Republic. 

Lejeune,  Jules  N.  G.  J,  M.,  D.Sc.,  Economics.  University  of  Liege,  Liege, 
Belgium. 

Levi,  Doro,  Ph.D.,  Archaeology.  Director,  Italian  Archaeological  School  in 
Athens,  Athens,  Greece.  I 

Litwin,  Jerzy,  M.D.,  Physiology  of  Cardiovascular  system.  Assistant  Professor,  j 
Physiology,  School  of  Medicine,  Warsaw,  Poland. 

Lowry,  Homer  Hiram,  Ph.D.,  Coal  Utilization.  Wilmerding,  Pa. 
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!Lycke,  Erik,  M.D.,  Virology.  Head,  Virological  Department,  Municipal  Labora¬ 
tories  of  Gothenburg,  Gothenburg,  Sweden. 

I  McGuinness,  Aims  C.,  M.D.,  Infectious  Diseases.  Executive  Director,  Medical 
Education,  New  York  Academy  of  Medicine,  New  York,  N.  Y. 

Markowitz,  Irving,  M.D.,  Psychiatry,  Medical  Director,  Child  Guidance  Clinic  of 
the  Oranges,  East  Orange,  N.  J. 

)  Masturzo,  Aldo,  M.D.,  Cybernetics.  President,  International  Society  of  Cyber¬ 
netic  Medicine,  Naples,  Italy. 

Mehler,  George  J.,  B.A.,  Medicine.  Medical  Student  and  Research  Assistant, 
I  New  York,  N.  Y. 

Merchant,  Donald  Joseph,  Ph.D.,  Tissue  Culture.  Associate  Professor,  Bac¬ 
teriology,  University  of  Michigan  Medical  School,  Ann  Arbor,  Mich. 

Metcalfe,  Donald  C.,  B.S.,  Clinical  Laboratory  Bioanalysts.  Owner,  Director, 
I  Physician's  Clinical  Laboratory,  Cape  Girardeau,  Mo. 

Muller,  Mervin  E^,  Ph.D.,  Mathematical  Statistics.  Technical  Director,  Inter¬ 
national  Business  Machines  Corporation,  New  York,  N.  Y. 

Naude,  S.  M.,  Ph.D,,  Physics.  President,  SI  A.  Council  for  Scientific  and  In¬ 
dustrial  Research,  Pretoria,  South  Africa. 

Nealon,  Thomas  F.  Jr.,  M.D.,  Surgical  Research.  Associate  Professor,  Surgery, 
Jefferson  Medical  College,  Philadelphia,  Pa 
;  Ostdiek,  John  L.,  Reverend,  O.F.M.,  Biology.  Quincy  College,  Quincy,  Ill. 
Owre,  E.  Stewart,  M.D.,  Biological  and  Medical  Sciences.  Director,  Department 
of  Anesthesiology,  Long  Island  College  Hospital,  Brooklyn,  N.  Y. 

Patterson,  Mack  M.,  A.M.,  Mathematics.  Head,  Digital  Computer  Facilities, 
Bendix  Research  Laboratories  Division,  Southfield,  Mich. 

Puleo,  Anthony  M.,  M.D.,  Occupational  Medicine.  Medical  Director,  Addresso- 
graph-Multigraph  Corporation,  Cleveland,  Ohio. 

Quittner,  Howard,  M.D.,  Immunology.  Pathologist,  Washington  Hospital,  Washing¬ 
ton,  Pa. 

I  Rehm,  Carl  R.,  Ph.D.,  Organic  Analysis.  Senior  Chemist,  Analytical  Research 
Division,  Ciba  Pharmaceutical  Products  Inc.,  Summit,  N.  J, 

Seif,  Louis,  B.A.,  Steroid  Research.  Biochemist,  Bronx,  N.  Y. 

Serviss,  George  H.,  B.S.,  Agronomist.  G.  L.  F.  Soil  Building  Service,  Ithaca, 

!  N.  Y. 

Slotnick,  Victor  Bernard,  Ph.D.,  Microbiology.  Research  Virologist,  Merck  In¬ 
stitute  for  Therapeutic  Research,  West  Point,  Pa. 

Stasilli,  Neil  R.,  Physiology.  Scientist,  Warner-Lambert  Research  Institute, 

^  Morris  Plains,  N.  J. 

Svedelius,  Nils  Eberhard,  Botany.  Uppsala,  Sweden. 

Valdez,  Ernesto  V,,  M.D.,  Pharmacology.  Instructor,  College  of  Medicine,  Uni¬ 
versity  of  The  Philippines,  Manila,  Philippines. 

Vandeputte,  Michel  C.,  M.D.,  Virology.  Research  Associate,  University  of 
Louvain,  Louvain,  Belgium. 

Vermooten,  Vincent,  M.D.,  Medicine.  Associate  Clinical  Professor,  Urology. 

^  Universitv  of  Texas.  Dallas.  Texas. 

Vogt,  Marthe,  Ph.D,,  Neuropharmacology.  Head,  Pharmacology  Unit,  Institute  of 
Animal  Physiology,  Babraham,  Cambridge,  England. 

(  Von  Guttenberg,  Hermann,  Ph.D.,  General  Botany.  Professor,  Botanischen  Insti¬ 
tute  und  Gartens,  Rostock,  German  Federal  Republic. 

Ward,  Martha  K.,  D.Sc.,  Microbiology.  Chief,  Diagnostic  Division,  United  States 
Army  Medical  Unit,  Fort  Detrick,  Frederick,  Md. 
i  Weinberger,  Harold,  Ph.D.,  Chemistry.  Chairman,  Department  of  Chemistry,  Fair- 
leigh  Dickinson  University,  Teaneck,  N.  J. 
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White,  William  L.,  M.D.,  Plastic  and  Reconstructive  Surgery.  Associate  Clinical 
Professor,  University  of  Pittsburg,  Pittsburg,  Pa. 

Zahm,  William  N.,  M.D.,  Cardiology.  Associate  Attending  Physician,  Hospital 
for  Joint  Diseases,  New  York,  N.  Y. 

STUDENT  MEMBERSHIP 

Ebert,  Paul  Stoudt,  B.S.,  Biochemistry.  Teaching  Assistant,  Agricultural  Bio¬ 
chemistry,  Rutgers,  The  State  University,  New  Brunswick,  N.  J. 

Edlin,  Ray  L.,  B.S.,  Food  Science.  Research  Fellowship,  Rutgers,  The  State 
University,  New  Brunswick,  N.  J. 

Feigenbaum,  Abraham  S.,  B.Sc.,  Nutrition.  Research  Assistant,  Rutgers,  The 
State  University,  New  Brunswick,  N.  J. 

Scarpino,  Pasquale  Valentine,  M.S.,  Microbiology  and  Biological  Oceanography. 
Research  Assistant,  Rutgers,  The  State  University,  New  Brunswick,  N.  J. 

Watson,  Richard  W.  Jr.,  B.S.,  Bacteriology-Biochemistry.  Teaching  Assistant, 
Rutgers,  The  State  University,  New  Brunswick,  N.  J. 


Elected  August  15,  1960 

\ 

LIFE  MEMBERSHIP 

Frazer,  Alastair  Campbell,  PtuD.,  Lipid  Metabolism.  Professor  and  Head,  De¬ 
partment  of  Medical  Biochemistry  and  Pharmacology,  University  of  Birming¬ 
ham,  Birmingham,  England. 

McKendry,  J.  B.  Ralph,  M.D.,  Internal  Medicine.  Chief,  Metabolism  Service, 
Ottawa  Civic  Hospital,  Ottawa,  Ont.,  Canada. 

Othmer,  Donald  F.,  Ph.D.,  Chemical  Engineering.  Professor  and  Head,  Depart¬ 
ment  of  Chemical  Engineering,  Brooklyn  Polytechnic  Institute,  Brooklyn,  ( 
N.  Y. 

I 

SUSTAINING  MEMBERSHIP 

Lowenthal,  Martin,  M.D.,  Internal  Medicine.  Private  Practice,  Montclair,  N,  J,  r 
Yager,  J.  Allen,  M.D.,  Indtistrial  Medicine.  Medical  Director,  Joseph  E.  Seagram 
and  Sons,  Incorporated,  New  York,  N.  Y.  ‘ 

ACTIVE  MEMBERSHIP 

Adomian,  G.,  M.S.(E.E.},  Physics.  Senior  Staff  Physicist,  Advanced  Develop- 
Laboratory,  Hughes  Aircraft  Company,  Culver  City,  Calif.  I 

Adrouny,  George  A.,  Ph.D.,  Biochemistry.  Assistant  Professor,  Biochemistry,  j 
Tulane  University,  New  Orleans,  La. 

Agnew,  Robert  Morson,  Ph.D.,  Bacteriology.  Lecturer,  Bacteriology,  Regina  . 

College,  University  of  Saskatchewan,  Regina,  Sask.,  Canada.  I 

Agron,  Paul  A.,  M.S.,  X-Ray  and  Neutron  Diffraction  Studies  of  the  Liquid  and  ! 
Solid  State.  Research  Chemist,  Oak  Ridge  National  Laboratory,  Oak  Ridge,  I 

Tenn.  1 

Akhurst,  Dynys  Osmund,  F*h.D.,  Plasma  Physics.  Chairman  and  Professor,  De¬ 
partment  of  Electrical  Engineering,  University  of  Miami,  Miami,  Fla.  ^ 

Alarcon-Segovia,  Donato,  M.D.,  hiternal  Medicine.  Resident,  Hospital  de  Enfer- 
medades  de  la  Nutricion,  Mexico,  D.  F.,  Mexico. 
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Aleck,  Victor,  B.S.,  Clinical  Technology.  President,  Biochemical  Procedures, 
North  Hollywood,  Calif. 

Algard,  F.  Thomas,  Ph.D.,  Cell  Physiology.  Assistant  Professor,  Department  of 
Anatomy,  Stanford  University  School  of  Medicine,  Stanford,  Calif. 

Alger,  Philip  Langdon,  M.S.,  Electrical  Engineering.  Adjunct  Professor,  Elec* 
trical  Engineering,  Rensselaer  Polytechnic  Institute,  Schenectady,  N.  Y. 

Allen,  Arthur  C.,  M.D.,  Pathology.  Professor,  Pathology,  University  of  Miami 
School  of  Medicine,  Coral  Gables,  Fla. 

Allen,  Esther  Campbell,  M.S.,  Medical  Laboratory.  Supervising  Clinical  Labora¬ 
tory  Technologist,  Camarillo  State  Hospital,  Camarillo,  Calif. 

Allen,  James  R.,  Ph.D.,  Bacteriology.  Assistant  Professor,  Marquette  University 
Medical  School,  Milwaukee,  Wis. 

Allen,  John  Frank,  Ph.D.,  Low  Temperature  Physics.  Professor,  Natural  Philos¬ 
ophy,  St.  Salvator's  College,  University  of  St.  Andrews,  Fife,  Scotland. 

Andrushiw,  Joseph  Wasyle,  Ph.D.,  Entire  Functions,  Infinite  Series,  Real  Fields. 
Professor,  Mathematics,  Seton  Hall  University,  South  Orange,  N.  J, 

Atwood,  John  G.,  M.S.,  Electrical  Engineering.  Director,  Research,  The  Perkin- 
Elmer  Corporation,  Norwalk,  Conn. 

Baez,  Albert  V.,  Ph.D.,  X-Ray  Astronomy.  Physicist,  Smithsonian  Astrophysical 
Observatory,  Cambridge,  Mass. 

Baldwin,  Robert  Russell,  Ph.D.,  Biochemistry.  Laboratory  Director,  Chemical 
Research,  General  Foods  Research  Center,  Tarrytown,  N.  Y. 

Ballantine,  H.  Thomas,  Jr.,  M.D,,  Clinical  Neurosurgery.  Associate  Visiting 
Neurosurgeon,  Massachusetts  General  Hospital,  Boston,  Mass. 

Balsiger,  Rudolf  Werner,  Dr.rer.nat.,  Chemotherapy.  Research  Chemist,  Wander, 
Incorporated,  Berne,  Switzerland. 

Banchero,  Julius  T.,  Ph.D.,  Kinetics.  Head,  Department  of  Chemical  Engineer¬ 
ing,  University  of  Notre  Dame,  Notre  Dame,  Ind. 

Banfield,  Armine  Frederick,  Ph.D.,  Geology.  Behre  Dolbear  and  Company,  New 
York,  N.  Y. 

Bangle,  Raymond,  Jr.,  M.D.,  Pathology.  Associate  Pathologist,  The  Hospital  of 
the  Good  Samaritan,  Los  Angeles,  Calif. 

Barach,  Richard  L.,  M.D.,  Medicine.  Radiologist,  Princeton,  N.  J. 

Bargen,  J.  Arnold,  M.D.,  Gastroenterology.  Professor  Emeritus,  The  Mayo  Foun¬ 
dation,  Counsultant  in  Medicine,  Scott  White  Clinic,  Temple,  Texas. 

Baiksdale,  Thomas  H.,  Ph.D.,  Plant  Pathology.  Plant  Pathologist,  Crops  Divi- 
Army  United  States  Chemical  Corps  Biological  Laboratories,  Fort  Detrick,  Md. 

Barnes,  Frederick  W.,  Jr.,  Ph.D.,  Chemical  Aspects  of  Medicine.  Chief,  Medi¬ 
cine,  The  Hospital  for  the  Woman  of  Maryland,  Baltimore,  Md. 

Barnes,  LeRoy  Lesher,  Ph.D.,  Biophysical  Aspects  of  Aging.  Professor,  Bio¬ 
physics,  Cornell  University  Departments  of  Physics  and  Animal  Nutrition, 
Ithaca,  N.  Y. 

Babek,  Tiber  J.,  Ph.D.,  Political  Science.  Consultant  and  Lecturer,  Foreign  Af¬ 
fairs,  New  York,  N.  Y. 

Beeler,  Myrton  F.,  M.D.,  Pathology.  Director,  Clinical  Laboratories,  Ochsner 
Clinic  and  Ochsner  Foundation  Hospitals,  New  Orleans,  La. 

Bennan,  Merrill  Ian,  B.A.,  Psychiatry.  Student  at  University  of  Maryland  School 
of  Medicine,  Baltimore,  Md. 

Brenman,  Henry  S.,  D.D.S.,  Neurophysiology.  Research  Co-ordinator,  Department 
of  Periodontology,  Graduate  School  of  Medicine,  University  of  Pennsylvania, 
Philadelphia,  Pa. 

Bums,  John  J.,  Ph.D.,  Biochemistry.  Deputy  Chief,  Laboratory  of  Chemical 
Pharmacology,  National  Heart  Institute,  Public  H««lth  Service,  Bethesda,  Md. 
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Carski,  Theodore  R.,  M.D.,  Microbiology.  Medical  Director,  Baltimore  Biological 
Laboratory,  Baltimore,  Md. 

Cavusoglu,  Mehmet,  M.D.,  Cardiovascular  and  Kidney  Disease.  Chief  Resident  in 
Medicine,  City  Hospital  at  Elmhurst,  Elmhurst,  N.  Y. 

Chapman,  William  H.,  B.S.,  Radiation  Physiology.  Defense  Atomic  Support  Agen> 
cy,  Washington,  D.  C. 

Clusius,  Paul  Alfred  Klaus,  Dr.  Ing.,  Low  Temperature  Physics.  Director,  Insti¬ 
tute  of  Physical  Chemistry,  University  of  Zurich,  Zurich,  Switzerland. 

Cochrane,  Charles  G.,  M.D. ,  Pathology.  Instructor,  University  of  Pittsburgh 
School  of  Medicine,  Pittsburgh,  Pa. 

Cohn,  Stanton  H.,  Ph.  D.,  Chemical  Dynamics  of  Bone.  Scientist,  Medical  Re¬ 
search  Center,  Brookhaven  National  Laboratory,  Upton,  N.  Y. 

Delfino,  John  Joseph,  B.S.,  Cancer  Research.  Research  Technician,  Sloan-Ket- 
tering  Institute  for  Cancer  Research,  New  York,  N.  Y. 

Dessau,  Einar,  Civil  Engineer.  Chemical  and  Physical  Sciences.  Vice-President, 
Tuborg  Breweries,  Copenhagen,  Denmark. 

Diehl,  John  E.,  Ph.D.,  Biochemistry.  Biochemist,  Virginia  Institute  for  Scientific 
Research,  Richmond,  Va. 

D'Lugoff,  Burton  Charles,  M.D.,  Immunology.  Fellow,  Johns  Hopkins  University 
Medical  School,  Baltimore,  Md. 

Ea  stuck,  John  T.  Public  Librarian,  Denver,  Colo. 

Einspruch,  Burton  C.,  M.D,,  Medicine.  Intern,  Montefiore  Hospital,  New  York, 

N.  Y. 

Emmons,  Chester  W.,  Ph.D.,  Mycology.  Medical  Mycologist,  National  Institutes 
of  Health,  Bethesda,  Md. 

Evans,  Richard  Castleman,  Ph.D.,  Electrochemistry.  Manager,  Electrochemical 
Research  Department,  Olin  Mathieson  Chemical  Corporation,  Hamden,  Conn. 

Evenson,  Adelaide  E.,  Ph.D.,  Microbiology.  Associate  Professor,  Department  of 
Microbiology,  University  of  Arizona,  Tucson,  Ariz. 

Evert,  Henry  Earl,  Ph.D.,  Biochemistry.  Assistant  Professor,  Biochemistry,  State 
University  of  New  York,  Downstate  Medical  Center,  Brooklyn,  N.  Y. 

Ewart,  Roswell  H.,  Ph.D.,  Polymer  and  Radiation  Chemistry.  Research  Manager, 
Synthetic  Fiber  and  Radiation  Research  Department,  United  States  Rubber 
Company,  Wayne,  N.  J. 

Ewing,  Frederick  J.,  Ph.D.,  Physical  Chemistry.  Catacycle  Company,  Incorpo¬ 
rated,  Altandena,  Calif. 

Feagans,  William  M.,  Ph.D.,  Biochemistry.  Assistant  Professor,  Anatomy,  Medi¬ 
cal  College  of  Virginia,  Richmond,  Va. 

Fogleman,  Ralph  W,  D.V.M.,  Toxocology.  Manager,  Western  Division,  Hazelton 
Laboratories,  Incorporated,  Palo  Alto,  Calif. 

Fredricks,  Simon,  M.D.,  Plastic  and  Reconstructive  Surgery.  Private  Practice, 
Houston,  Texas.  > 

Freeman,  Herbert,  Dr.  Eng.  Sc.,  Engineering.  Head,  Engineering  Department, 
Sperry  Gyroscope  Company,  Great  Neck,  N.  Y. 

Gaver,  Kenneth  Merlyn,  B.A.,  Natural  Carbohydrates.  Director  of  Research,  The 
Ogilvie  Flour  MiUs  Company,  Ltd.,  Montreal,  Que.,  Canada. 

Geer,  Jack  Charles,  M.D.,  Pathology.  Assistant  Professor,  Pathology,  Louisiana 
State  University,  New  Orleans,  La. 

Gibbs,  WiUiam  Francis,  LL.B.,  Naval  Architecture.  President,  Gibbs  and  Cox, 
Incorporated,  New  York,  N.  Y. 

Gold,  Jerome  Allen,  M.D. ,  Internal  Medicine.  Assistant  Professor,  Medicine, 
State  University  of  New  York,  Downstate  Medical  Center,  Brooklyn,  N,  Y. 

Goldhirsh,  Julius,  M.S,(E.E.),  Electrical  Engineering.  Instructor, 
gineering.  University  of  Pennsylvania,  Philadelphia,  Pa. 
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Gomoll,  Allen  W, ,  B.S.,  Cardiovascular.  Predoctoral  Fellow,  United  States  Pub¬ 
lic  Health  Service,  University  of  Chicago,  Chicago,  Ill. 

Gregory,  Cedric  Errol,  M.E.,  Mining  Engineering.  Senior  Lecturer,  Mining  Engi¬ 
neering,  University  of  Queensland,  St.  Lucia,  Queensland,  Australia. 

Grimaldi,  Paschal  Quirino,  B.S.,  Clinical  Chemistry.  Clinical  Chemist,  United 
States  Naval  Hospital,  St.  Albans,  N.  Y. 

Grosz,  Hanus  J. ,  M.B.,  Psychiatry,  Fellow,  Neurology,  Department  of  Medicine, 
Albert  Einstein  College  of  Medicine,  New  York,  N,  Y. 

Hartridge,  Virginia  Bishop,  M.D.,  Anesthesiology.  Consultant,  Anesthesiology, 
The  Mayo  Clinic,  Rochester,  Mintu 

Havens,  A.  Vaughn,  M.S. ,  Meteorology  and  Climatology.  Professor  of  Meteor¬ 
ology,  Rutgers  University,  New  Brunswick,  N.  J. 

Heller,  Floyd  N.,  M.D.,  Anesthesiology.  United  States  Army. 

Heyerdayl,  Thor,  B.A.,  Pacific  Island  Anthropology,  President,  Kon-Tiki  Muse¬ 
um,  Oslo,  Norway. 

Hiemaux,  Jean  Robert  Laurent,  M.D.,  Physical  Anthropology.  Professor  and 
Rector  at  I'Universite  Officielle  du  Congo,  Elisabethville,  Republic  of  Congo. 

Holman,  Halsted  R.,  M.D.,  Medicine.  Professor,  Medicine,  Stanford  University, 
School  of  Medicine,  Palo  Alto,  Calif. 

Huntington,  Donald  Fenn,  M.A.,  Mathematics.  Senior  Engineer,  Sylvania  Elec¬ 
tronic  Systems  Data  Systems  Operations,  Needham,  Mass. 

Isreeli,  Jack,  M.S.,  Instrumentation.  Chief  Engineer,  The  Technicon  Company, 
Tuckahoe,  N.  Y, 

Jeffreys,  Mervyn  David  Waldegrave,  M.A.,  Cultural  Anthropology.  British  Colo¬ 
nial  Civil  Service,  Johannesburg,  Union  of  South  Africa. 

Jegyud,  Adalbert  Theodor,  M.D.,  Pulmonary  Physiology.  Medical  Head,  Smith 
and  Nephaw  Pharmacal  Division,  Pierrefonds,  Que.,  Canada. 

Jolliff,  Carl  R.,  B.S.,  Clinical  Laboratory  Medicine.  Director,  Clinical  Labora¬ 
tory  Section,  The  Lincoln  Clinic,  Lincoln,  Nebr. 

Jones,  Woodrow  H.,  Ph.D.,  Immunology.  Professor,  Biology,  Southern  University, 
Baton  Rouge,  La. 

Jordan,  Pascual,  Ph.D.  Theoretical  Physics.  University  of  Hamburg,  Hamburg, 
German  Federal  Republic. 

Keyl,  M.  Jack,  Ph.D.,  Choline  Esters  and  Renal  Physiology.  Associate  Profes¬ 
sor  and  Chairman,  Physiology  Department,  University  of  Oklahoma  School  of 
Medicine,  Oklahoma  City,  Okla. 

Kingma,  Jacobus  Theodorus,  Ph.D.,  Geology.  Principal  Scientific  Officer,  De¬ 
partment  of  ScientiAc  and  Industrial  Research,  New  Zealand,  Geological  Sur¬ 
vey,  Lower  Hutt,  New  Zealand. 

Kirklin,  John  W.,  M.D.,  Cardiovascular  Surgery,  Professor,  Surgery,  Mayo  Foun¬ 
dation  Graduate  School,  University  of  Minnesota,  Rochester,  Minn. 

Lamy,  M.,  Pharmaceuticals.  University  of  Louvain,  Louvain,  Belgium. 

LaVia,  Mariano  F.,  M.D.,  Immuniopathology.  Assistant  Professor,  University  of 
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Fellow  in  Hematology,  University  of  Southern  California  School  of  Medicine, 
Los  Angeles,  Calif. 

Hewes,  William  H.,  M.D.,  Childhood  Growth  Problems.  Private  Practice,  Adriah, 
Mich. 

Holten,  Cai,  M.D.,  Medicine.  Professorof  Medicine,  University  of  Aarhus,  Aarhus, 
Denmark. 

Ives,  Eli  Bolten,  M.D.,  Electrocardiography  and  Spatial  Vectorcardiography. 
Private  Practice,  Bridgeport,  Conn. 

Jackson,  Benjamin  T,,  M.D.,  Fetal  Physiology.  Research  Fellow,  United  States 
Public  Health  Service,  Richmond,  Va. 

Jackson,  Haywood  Rudolph,  M.D. ,  Internal  Medicine.  Resident,  Internal  Medicine, 
Menorah  Medical  Center,  Kansas  City,  Mo. 

Jacobson,  Avrohm,  M.D.,  Psychiatry.  Professor,  Clinical  Psychiatry,  Seton  Hall 
College  of  Medicine,  Jersey  City,  N.J. 

Jarvi,  Osmo  Henrik,  M.D.,  Pathology.  Professor,  Pathology,  University  of  Turku, 
Turku,  Finland. 

Jones,  Lawrence  G.  F.,  Ph.D.,  Information  Theory  (Computers).  Chief,  Digital 
Branch,  Norden  Division,  United  Aircraft  Corporation,  White  Plains,  N.Y. 

Kahn,  Norman,  D.D.S.,  Neuropharmacology.  National  Institute  of  Health  Trainee 
in  Neuropharmacology,  Department  of  Pharmacology,  Columbia  University, 
New  York,  N.Y. 

Kalmutz,  Sheldon  E.,  M.D.,  Immunology.  Fellow,  Arthritis  and  Rheumatism  Found¬ 
ation,  New  York  University  School  of  Medicine,  New  York,  N.Y. 

Kells,  William  G.,  B.S.,  Instrumentation.  District  Manager,  Precision  Scientific 
Company,  Union,  N.J, 

Klakeg,  Clayton  Harold,  M.D.,  Internal  Medicine,  Staff  Member,  The  Sansum 
Medical  Clinic,  Santa  Barbara,  Calif. 

Kvietkauskas, Linda  B.,  B.S.,  Biology.  Bacteriologist,  Bloomfield,  N.J. 

Laclavere,  Georges,  Geophysics,  President.  Special  Committee  on  Antarctic  Re¬ 
search,  International  Union  of  Geodesy  and  Geophysics,  Paris,  France. 
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Lane,  Thomas  J.  Reverend,  C.S.C.,  Ph.D.,  Infrared.  Associate  Professor,  Chem¬ 
istry,  University  of  Notre  Dame,  Notre  Dame,  Ind. 

La  volt  ay,  Jean,  D.Sc.,  Biochemistry.  Professor,  Conservatoire  National  Des  Arts 
Et  Metiers,  Paris,  France. 

Leffler,  Marlin  T.,  Ph.D.,  Organic  Chemistry.  Director  of  Research  Liaison, 
Abbott  Laboratories,  North  Chicago,  Ill. 

Lerman,  George  S.,  M.D.,  Space  Medicine.  Group  Manager,  Aerospace  Physiology, 
McDonnell  Aircraft  Corporation,  St.  Louis,  Mo. 

Linder,  Morton,  M.D.,  Internal  Medicine.  Research  Fellow  in  Diabetes  and  Met¬ 
abolism,  Grasslands  Hospital,  Valhalla,  N.Y. 

Lindes,  DeArmond,  M.D.,  Irreversible  Thermodynamic.  Private  Practice,  Eagar, 
Ariz. 

Loeffler,  Hans,  M.D.,  Virology.  Chief,  Bacteriological  Laboratory,  Hygiene 
Institute,  University  of  Basel,  Basel,  Switzerland. 

Lutsky,  Irving,  V.M.D.,  Immunology  and  Genetics.  Director,  Central  Research 
Center,  Marquette  University,  Milwaukee,  Wise. 

Maegraith,  Brian  G.,  D.Phil.,  Tropical  Medicine.  Professor,  Liverpool  School  of 
Tropical  Medicine,  Liverpool,  England. 

Mahdy,  Sabet  M.,  B.Sc.,  Virology  (virus  cell  relationship).  Graduate  School  of 
Public  Health,  University  of  Pittsburg)i,  Pittsburgh,  Pa. 

Maltoni,  Cesare,  M.D.,  Experimental  cancerology.  Assistant,  Institute  of  General 
Pathology,  University  of  Bologna,  Bologna,  Italy. 

Masukawa,  Teruo,  M.D.,  Extoliative  Cytopathology.  The  Johns  Hopkins  Hospital, 
Baltimore,  Md. 

Masunaga,  Eichi,  M.D.,  Biological  and  Medical  Science.  Private  Practice, 
Hanapepe,  Kauai,  Hawii. 

Merkal,  Richard  S.,  B.S.,  Bacteriology.  United  States  Department  of  Agriculture, 
Auburn,  Ala. 

Meyers,  Wayne  M.,  Ph.D.,  Microbiology.  Intern,  Conemaugh  Valley  Memorial 
Hospital,  Johnstown,  Pa. 

Mills,  William  J.  Jr.,  M.D.,  Cold  Injury.  Orthopedic  Surgeon,  Private  Practice, 
Anchorage,  Alaska. 

Mozersky,  Samuel  M.,  Ph.D.,  Biochemistry.  Assistant  Research  Physiological 
Chemist,  University  of  California  School  of  Medicine,  Los  Angeles,  Calif. 

Norlund,  Niels  Erik,  Ph.D.,  Mathematics.  Professor,  University  of  Copenhagen, 
Copenhagen,  Denmark. 

Ormsby,  T.  J.,  Medicine.  Private  Practice,  Newark,  N.J, 

Paraf,  Alain,  D.V.M.,  Virology  and  Immunology.  Master  of  Research  and  Associate 
Professor,  Veterinary  School,  Laboratoire  Central  de  Recherches  Veterin- 
aires,  Alfort,  Seine,  France. 

Paritosh,  Kumar  De,  Ph.D.,  Physical  Chemistry  of  Proteins.  Doctoral  Staff,  De¬ 
partment  of  Biochemistry,  Duck  University,  Durham,  N.C. 

Peckham,  George  T.,  Jr.,  B.S.,  Cereal  Chemistry  Research  Director,  Clinton 
Com  Processing  Company,  Clinton,  Iowa. 

Porter,  Kendrick  Arthur,  M.D.,  Tissue  Transplantation,  Senior  Lecturer  in  Patho- 
logy.  University  of  London,  London,  England. 

Pottenger,  Ronald  Cornell,  D.V.M.,  Biological  and  Medical  Sciences.  Private 
Practice,  Cambridge,  Idaho. 

Prehn,  Richmond  T.,  M.D,,  Oncology.  Associate  Professor,  Department  of  Patho¬ 
logy,  University  of  Washington  S<^ool  of  Medicine,  Seattle,  Wash. 

Richards,  William  Peter  Clifford,  M.V.  Sc.,  Neuropathology.  Graduate  Assistant, 
Division  of  Pathology,  Ontario  Veterinary  College,  Guelph,  Ont.,  Canada. 

Robell,  Nora,  M.A.,  Chemistry.  Instructor  Chemistry,  New  York  Schools.  New 
York,  N.Y. 
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Rosenzweig,  Abraham  L.,  M.S.,  Bacteriology  and  Mycology.  Bacteriologist, 
Veterans  Administration  Hospital,  Richmond,  Va. 

Sdimid,  Peter,  M.S.,  Chemistry.  Graduate  Student,  Fellow,  National  Institute  of 
Health,  University  of  California  School  of  Medicine,  San  Fransico,  Calif. 

Schoene,  D.  Lorin,  Ph.D.,  Organic  Chemistry.  Assistant  Director,  United  States 
Rubber  Research  Center,  Wayne,  N.J, 

Seno,  Satimaru,  M.D.,  Pathology.  Professor,  Pathology,  Okayama  University 
Medical  School,  Okayama,  Japan. 

Spitzer,  Ralph,  Ph.D.,  Clinical  Biochemistry.  Director,  Biochemical  Laboratories, 
Royal  Columbian  Hospital,  New  Westminster,  B.C.,  Canada. 

Stambuk,  Berigoj  K.,  M.D.,  Internal  Medicine.  Resident  in  Medicine,  Veterans 
Research  Administration  Hospital,  Chicago,  Ill. 

Stembach,  Oscar,  J.  D.,  Psychology.  Private  Practice,  New  York,  N.Y, 

Tavares,  Amandio  Joaquim,  M.D.,  Biology  and  Medicine.  Professor,  Morbid 
Anatomy,  University  of  Porto,  Porto,  Portugal. 

Tennant,  Bud  C.,  D.V.M.,  Veterinary  Medicine.  Supervisor,  Germ-Free  Research, 
Walter  Reed  Institute  of  Research,  Washington,  D.C. 

Thoms,  William  Wells,  M.  D.,  History  of  Medicine.  Medical  Director,  Knox  Memo¬ 
rial  Hospital,  Muscat,  Oman. 

Tomaszewski,  Miroslaw,  D.Sc.,  Biochemistry.  Head,  Biochemistry  Laboratory, 
Research  Centre  for  Dendrology  and  Pomology,  Polish  Academy  of  Sciences, 
Komik,  Poland. 

Truhaut,  Rene,  Ph.D.,  Pharmacology.  Professor,  University  of  Paris,  Paris, 
France. 

Tuchman,  Bernard,  D.D.S.,  Dentistry.  Instructor,  New  York  University  College  of 
Dentistry,  New  York,  N.Y, 

Wayner,  Matthew  J.  Jr.,  Ph.D.,  Physiological  Psychology.  Associate  Professor, 
Syracuse  University,  Syracuse,  N.Y. 

Weare,  John  H.,  Protein  Chemistry.  Production  of  Development  Plasma  Protein 
Fractions,  Dade  Reagents  Incorporated,  Miami,  Fla 

Weinstein,  Ephraim,  D.D.S.,  Dentistry.  Post-doctoral  Research  Fellow,  Univer¬ 
sity  of  Pennsylvania,  Philadelphia,  Pa 

Weintraub,  Arthur  H.,  M.S,,  Blood  Physiology.  Graduate  Student,  New  York 
University,  New  York,  N.Y. 

Westerman,  Maxwell  P.,  M.D.,  Red  Cell  Metabolism.  Instructor  in  Medicine, 
University  of  Pittsburgh  School  of  Medicine,  Pittsburgh,  Pa 

Weston,  William  Graham,  M.D.,  Internal  Medicine.  Private  Practice,  Arkansas 
City,  Kansas. 

Wyzan,  Henry  S,,  M.S.,  Biochemistry.  Research  Biochemist,  American  Cyanamid 
Stanford,  Conn. 


STUDENT  MEMBERSHIP 


Berman,  Robert,  B.A.,  Crystallography.  Colgate  Fellow,  Rutgers,  The  State  Un¬ 
iversity,  New  Brunswick,  N.J. 

Cioffi,  Francis  John,  M.S.,  Analytical.  Physical  Chemistry.  Colgate  Research 
Fellow,  Rutgers,  The  State  University,  New  Brunswick,  N.J. 

Cook,  Benjamin  J.,  Ill,  B.A.,  Physiology-Biochemistry.  Research  Assistant, 
Rutgers,  The  State  University,  New  Brunswick,  N.J. 

Palm,  Carlton  R.,  B.A.,  Medicine  and  Virology.  New  York  University  School  of 
Medicine,  New  York,  N.Y. 

Sanslone,  William  R.,  M.S.,  Nutrition  and  Biochemistry.  Graduate  Teaching 
Assistant,  Rutgers,  The  State  University,  New  Brunswick,  N.J. 
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Shapiro,  Ralph,  B.S.,  Nutrition.  Research  Assistant,  Rutgers,  The  State  Univer¬ 
sity,  New  Brunswick,  N.J, 

Vincz,  Gloria  Ann,  B.S,,  Endocrinology^  Rutgers,  The  State  University,  New 
Brunswick,  N.J. 

Elected  October  27,  1960 
LIFE  MEMBERSHIP 

Dupouy,  Gaston.  D.  es  C.,  Electronic  microscopy.  Direct eur  du  Laboratoire  d* 
Optique  Electronique  du  C.N.R.&  a  Toulouse,  Toulouse,  Haute>Garonne, 
France. 

Funk,  Lee  William,  Jr.,  B.S.,  Pharmaceutical  Chemistry.  President,  Standex  Lab¬ 
oratories,  Incorporated,  Columbus,  Ohio. 

Gibinski,  Kornel,  M.D,,  Atherosclerosis  from  the  enzymologic  point  of  view. 
Head,  3rd  Clinic  of  Internal  Medicine,  Byton,  Poland. 

Lienert,  Emil,  D.V.M.  Chemotherapy.  Director,  Pharmacological  Department, 
Tierarztliche  Hochschule,  Wien,  Austria. 

Williams,  C.  R.,  M. D. ,  Biological  and  Medical  Sciences.  Williams  E.  E.  N.  T. 
Clinic,  Mineral  Wells,  Texas 

SUSTAINING  MEMBERSHIP 

Dallons,  Oscar,  Ph.D.,  Electronics  in  Medicine-physiology  and  Biology.  Pres¬ 
ident,  Dallons  Laboratories,  Incorporated,  Los  Angeles,  Calif. 

Fesler,  George  C  V.,  Pharmaceutical  Chemistry.  Retired  Pharmaceutical  Manu¬ 
facturer,  St.  Petersburg,  Fla. 

MacDonald,  Frederick  W.,  D.D.S.,  Research  and  Invention.  Chairman,  Board  of 
Oral  Research  Center  of  Michigan,  Detroit,  Mich. 

ACTIVE  MEMBERSHIP 

Agradi,  A.,  Tumors.  Centro  Studio  Tumori,  Busto  Arsizio,  Italy. 

Alexandre,  Guy  P.  J.  M.,  M.D.,  Immunity  and  Transplantation.  Assistant  in  Sur¬ 
gery,  St.  Perter’s  Hospital,  University  of  Louvain,  Louvain,  Belgium. 

Altenbem,  Robert  A.,  Ph.D.,  Microbiology.  Biochemist,  MB  Division,  United 
States  Army,  Fort  Detrick,  Frederick,  Md. 

Amick,  James  A.,  Ph.D.,  Solid  State  Chemistry.  Research  Chemist,  RCA  Labora¬ 
tories,  Princeton,  N.J. 

Anderson,  C.  Russell,  M.D.,  Dermatology.  Dermatologist,  Private  Practice,  Bev¬ 
erly  Hills,  Calif. 

Anderson,  Robert  C.,  Sc.D.,  Toxicology.  Head,  Department  of  Toxicology,  Lilly 
Research  Laboratories,  Indianapolis,  Ind. 

Annino,  Raymond,  Ph.D.,  Electrochemistry.  Assistant  Professor,  Chemistry, 
Canisius  College,  Buffalo,  N.Y. 

Aprison,  Morris  H.,  Ph.D.,  Neurochemistry  and  Biophysics.  Associate  Professor, 
Biochemistry,  Indiana  University  Medical  Center,  Indianapolis,  Ind. 

Arean,  Victor,  D.Sc.,  Cytology  and  Cytochemistry.  Assistant  Professor,  Biology, 
Cannon  Cbllege,  Erie,  Pa. 

Arendt,  Kenneth  A.,  Ph.D.,  Physiology.  Assistant  Professor,  Physiology,  The 
College  of  Medical  Evangelists,  Loma  Linda,  Calif. 

Argersinger,  William  J.,  Jr.,  Ph.D.,  Physical  Chemistry.  Professor,  Chemistry, 
University  of  Kansas,  Lawrence,  Kans. 

Arkilic,  Galip  M.,  Ph.D.,  Theoretical  Mechanics.  Associate  Professor,  Civil 
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Engineering,  The  George  Washington  University,  Arlington,  Va. 

Arlow,  Jacob  A.,  M.D.,  Psychoanalysis.  President,  American  Psychoanalytic 
Association,  New  York,  N.Y, 

Armstrong,  George  T.,  Ph.D.,  Physical  Chemistry.  Chemist,  National  Bureau  of 
Standards,  Silver  Spring,  Md. 

Arnold,  Hubert  Andrew,  Ph.D.,  Mathematics.  Associate  Professor,  Mathematics, 
University  of  California,  Davis,  Calif. 

Arnold,  Luther  B.,  Jr.,  Ph.D.,  Chemistry.  Owner,  Vikon  Chemical  Company, 
Burlington,  N.C. 

Aronson,  Seymour,  Ph.D.,  Physical  Chemical  Studies  of  monstpochiometry  in 
uranium  and  zirconium  oxides.  Research  Chemist,  Bettis  Atomic  Power  Lab¬ 
oratory,  Pittsburgh,  Pa. 

Artom,  Camillo,Ph.D.,  Biochemistry.  Professor,  Bowman  Gray  School  of  Medicine, 
Winston-Salem,  N.C. 

Asbeck,  Walter  K.,  M.S.,  Rheology.  Assistant  Director,  Research,  Union  Carbide 
Chemicals  Company,  South  Charleston,  W.  Va. 

Balthasar,  Karl  G.,  M.D.,  Neuroanatomy  and  Neuropathology.  Chief,  Neuro- 
pathologQT  Department,  Meyer  Memorial  Hospital,  Buffalo,  N.Y, 

Banks,  Hampden  Osborne,  Jr.,  M.S.,  Radiochemistry.  Senior  Scientist,  Dublin 
Industries,  Incorporated,  Hayward,  Calif, 

Barbour,  Helen  F.,  Ph.D.,  Nutrition  and  Biochemistry.  Assistant  Dean  Coordi¬ 
nating  Home  Economics  Research,  Oklahoma  StateUniversity,  Stillwater,  Okla. 

Barker,  Harry  E.,  M.D.,  Medicine  and  Surgery.  Private  Practice,  Ventura,  Calif. 

Barlow,  James  Lawrence,  Ph.D.,  Virology.  Research  Scientist,  New  York  State 
Department  of  Health,  Albany,  N.Y. 

Barney,  Duane  Lowell,  M. A.,  Inorganic  Chemistry.  Research  Chemist,  General 
Electric  Company,  Schenectady,  N.Y. 

Barr,  Nathaniel  F.,  Ph.D.,  Radiation  Chemistry.  Associate,  Sloan  Kettering 
Institute  New  York,  N.Y. 

Barr,  Norman  Lee,  M.D.,  Biological  Sciences.  Head,  Biological  Sciences  and 
Systems  Department,  General  Motors  Corporation.  Warren,  Mich. 

Bauer,  Joseph  Andreas,  Jr.,  M.D.,  Tissue  Transplantation,  Surgical  Resident, 
Peter  Bent  Brigham  Hospital,  Boston  Mass. 

Baxt,  Sydney  J.,  M.D.,  Medicine.  Private  Practice,  Patterson,  N.J. 

Baxter,  Marion  Florence,  M.D.,  Hematology.  Research  Fellow,  Hartford  Hospital, 
Hartford,  Conn. 

Baxter,  Ross  M.,  Ph.D.,  Biological  Sciences.  Associate  Professor,  Pharmacog¬ 
nosy,  Ontario  College  of  Pharmacy,  Toronto.  Ont.  Canada. 

Berry,  Francis  X.,  M.D.,  Gynecology.  Private  Practice.  Greensboro,  N.C. 

Bhatnagar,  P.  L.,  B.Sc.,  Fluid  Mechanics.  Professor  and  Head,  Department  of 
Applied  Mathematics,  Indian  Institute  of  Sciences,  Bangalor,  India. 

Blower,  James  Girard,  M.D.,  General  Surgery.  Retired,  Akron,  Ohio. 

Boris,  Alfred,  Ph.D.,  Endocrinology.  Senior  Pharmacologist,  Hoffmann-La  Roche 
Incorporated,  Nutley,  N.J. 

Brennan,  James  Charles,  B.Ch.,  Renal  Disease.  Assistant  Chief,  Pathology, 
Baltimore  City  Hospitals,  Baltimore,  Md. 

Brock,  Donald  Roy,  M.D.,  Histopathology.  Chief,  Laboratory  Service,  Veterans 
Administration  Hospital,  Chicago,  Ill. 

Bucceri,  Michael  A.,  M.D.,  Anesthesiology.  Assistant  Clinical  Instructor,  New 
York  Medical  Center,  Bellevue  Hospital,  New  York,  N.Y. 

Bulbring,  Edith,  M.  A.,  Smooth  Muscle,  University  of  Oxford,  Department  of  Phar¬ 
macology,  Oxford,  England. 

Butterfield,  W.  John  H.,  M.D.,  Diabetes.  Professor,  Experimental  Medicine,  Guy's 
Hospital  Medical  School,  London  Bridge,  England. 
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Cadenas,  Eduaido,  Ch.D.,  Biochemistry.  Instructor,  Vanderbilt  University,  Nash¬ 
ville,  Tenn. 

easier,  William  A.,  Research.  Stanford  Research  Institute,  Menlo  Park,  Calif. 

Charra,  Andre,  Pharm.D.,  Biological  and  Medical  Sciences.  Director,  Laboratoire 
Roger  Bellon,  Neuilly,  s/Seine,  France. 

Chateau,  Fernand,  Chemistry-Physics.  Professor,  Sciences,  Mission  Culturelle 
Francaise,  Vientiane,  Laos,  France. 

Christensen,  Julien  M.,  Ph.D.,  Experimental  Psychology.  Chief,  Engineering 
Psychology  Branch,  Wright  Air  Development  Division,  Wright  Patterson,  Dayton, 
Ohio. 

Christopher,  George L.M.,  Ph.D.,  Physical  Chemistry.  Research  Scientist,  United 
Aircraft  Corporation,  East  Hartford,  Conn. 

Clark,  John  Desmond,  Ph.D.,  Old  World  Prehistoric  Archaeology.  Director, 
Rhodes-Livingstone  Museum,  Livingstone,  Northern  Rhodesia. 

Clark,  W.  Crawford,  Ph.D.,  Vision.  Senior  Research  Scientist,  New  York  State 
Psychiatric  Institute,  New  York,  N.Y, 

Coblentz,  Alexander,  M.D.,  Biological  and  Medical  Sciences.  Chief  of  Staff, 
Southern  Nevada  Memorial  Hospital,  Las  Veg£s,  Nev. 

Cohen,  Natalie  S.,  A.B.,  Physiologic  Hematology.  Graduate  Fellow,  National 
Science  Foundation,  New  York  University,  New  York,  N.Y, 

Cornblath,  Marvin,  M.D.,  Biological  and  Medical  Sciences.  Assistant  Chairman, 
Pediatric  Division,  Michael  Reese  Hospital,  Chicago,  IlL 

Cousin,  James,  Psychology  and  Physiology,  Owner,  Constracting  Company  Scar¬ 
borough,  Ont.,  Canada. 

Davies,  David  A.  L.,  Ph.D.,  Biochemistry.  Head,  Immunochemistry  Section, 
Microbiological  Research  Establishment,  Porton,  Salisbury,  England. 

DeMorais,  Tito,  M.D. ,  Medical  Research.  Chief,  Department  of  Parasitology  and 
Hygiene,  Medical  Research  Institute  of  Mozanbique,  Africa. 

Derrick,  G.  Ethel,  Ph.D.,  Experimental  Embryology.  Professor,  Biology,  Central 
State  College,  Edmond,  Okla. 

Dhamdhere,  Madhav  R.,  D.P.H.,  Preventive  Medicine.  Professor,  Preventive  and 
Social  Medicine,  Government  Medical  College,  Aurangabad  (Deccan),  India. 

Doetsch,  Raymond  Nicholas,  Ph.D.,  Microbiology.  Professor,  Microbiology,  Univ¬ 
ersity  of  Maryland,  College  Park,  Md. 

Dorman,  Philip  J.,  M.D.,  Physiology.  Staff  Physician,  Lankenau  Hospital  Phila¬ 
delphia,  Pa. 

Eagle,  Edward,  Ph.D.,  Physiology  and  Toxicology.  Head,  Division  of  Physiology, 
Toxicology  and  Histology  Research  Laboratories,  Swift  and  Company,  Chicago, 
IlL 

Edgren,  Richard  A.,  Ph.D.,  Chemistry.  Wyeth  Laboratories,  Philadelphia,  Pa. 

Ellenberger,  Herman  A.,  Ph.D.,  Biochemistry.  Biochemist,  Limestone  Products 
Corporation  of  America,  Newton,  N.J. 

Esquivel,  Roderick  L.,  M.D.,  Anthropology.  Staff,  Santo  Tomas  Charity  Hospital, 
Panama  City,  Panameu 

Fogel,  David  H.,  M.D.,  Cardiology.  Visiting  Investigator,  New  England  Institute 
for  Medical  Research.  Ridgefield,  Conn. 

Fowler,  Robert,  Jr.,  F.R.A.C.S.,  Transplantation.  Senior  Surgical  Research 
Fellow,  Royal  Childrens’  Hospital,  Melbourne,  Australia. 

Frigyesi,  Tamas,  M.D.,  Neurology.  Research  Neurologist,  New  York  Medical 
College  New  York,  N.Y, 

Garcia-Reyes,  Jose  Antonio,  M.D. ,  Internal  Medicine.  Chief,  The  Endocrine 
Clinic,  Institute  Nacional  de  La  Nutricion,  Mexico,  D.  F.  Mexico. 

George,  Thomas  Waller,  M.  A.,  Physics,  Celanese  Corporation  of  America,  Summit, 
N.J. 
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Gollnick,  Philip  Dean,  Ph.D.,  Applied  Physiology.  Assistant  Professor,  Phy¬ 
siology,  Springfield  College,  Springfield,  Mass. 

Green,  Morris,  Ph.D.,  Biochemistry.  Chief,  Division  of  Biochemistry,  New  York 
Eye  and  Ear  Infirmary,  New  York,  N.Y, 

Hague,  Eliott  Baldwin,  M.D.,  Eye  Disease.  Chairman,  Department  of  Ophthal¬ 
mology,  Millard  Fillmore  Hospital,  Buffalo,  N.Y. 

Haight,  Ernestine  R.,  B.A.,  Phychoanalysis.  Private  Practice,  New  York,  N.Y. 

Hales,  Anton  Linder,  Ph.D.,  Geophysics.  Professor,  University  of  The  Witwater- 
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